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1
METHOD FOR TRANSFORMING
STRAMENOPILES

TECHNICAL FIELD

The present invention relates to a method for transforming
stramenopiles. The invention also relates to stramenopiles
having an enhanced unsaturated fatty acid content conferred
by the introduction of a fatty acid desaturase gene, and to
methods for producing unsaturated fatty acids from such
unsaturated fatty acid content-enhanced stramenopiles.

BACKGROUND ART

Polyunsaturated fatty acids (PUFA) represent an important
component of animal and human nutrition. ®3 polyunsatu-
rated fatty acids (also called n-3 polyunsaturated fatty acids)
such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) have a wide range of roles in many aspects of
health, including brain development in children, eye func-
tions, syntheses of hormones and other signaling substances,
and prevention of cardiovascular disease, cancer, and diabe-
tes mellitus (Non-Patent Document 1). These fatty acids
therefore represent an important component of human nutri-
tion. Accordingly, there is a need for polyunsaturated fatty
acid production.

Meanwhile, microorganisms of the class Labyrinthulo-
mycetes are known to produce polyunsaturated fatty acids.
Concerning microorganisms of the family Thraustochytrium,
there are reports of, for example, a polyunsaturated fatty
acid-containing phospholipid producing process using
Schizochytrium microorganisms (Patent Document 1), and
Thraustochytrium microorganisms having a docosa-
hexaenoic acid producing ability (Patent Document 2). For
enhancement of food and/or feed by the unsaturated fatty
acids, there is a strong demand for a simple economical
process for producing these unsaturated fatty acids, particu-
larly in the eukaryotic system.

With regard to the class Labyrinthulomycetes, there have
been reported foreign gene introducing methods for specific
strains of the genus Schizochytrium (the genus Auranthio-
chytrium (Non-Patent Document 3) in the current classifica-
tion scheme (Non-Patent Document 2)) (Patent Documents 3
and 4). Further, a method that causes a change in a fatty acid
composition by means of transformation is known in which a
polyketide synthase (PKS) gene is destroyed to change the
resulting fatty acid composition (Non-Patent Document 4).
However, there is no report directed to changing a fatty acid
composition by manipulating the enzymes of the elongase/
desaturase pathway.
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SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

The present invention is directed to improving the ability of
stramenopiles to produce a useful substance by way of trans-
formation through introduction of a foreign gene. By modi-
fying the ability to produce a useful substance through intro-
duction of a foreign gene associated with the production of a
useful substance in stramenopiles, the invention provides a
modification method of a fatty acid composition produced by
stramenopiles, a method for highly accumulating fatty acids
in stramenopiles, an unsaturated fatty acid producing process,
stramenopiles having an enhanced unsaturated fatty acid con-
tent, and production of unsaturated fatty acid from the unsat-
urated fatty acid content-enhanced stramenopiles. The
present invention provides modification of a fatty acid com-
position produced by stramenopiles, and a method for highly
accumulating fatty acids in stramenopiles, and thus enables
more efficient production of polyunsaturated fatty acids.

Means for Solving the Problems

The present inventors conducted intensive studies under
the foregoing circumstances of the conventional techniques,
and succeeded in transforming stramenopiles with a foreign
gene introduced to highly improve the ability to produce an
unsaturated fatty acid. The present inventors also found a
method for modifying the product fatty acid composition of
stramenopiles through expression of a fatty acid desaturase
gene introduced into the stramenopiles, and a method for
highly accumulating unsaturated fatty acids in the trans-
formed stramenopiles. The present invention was completed
after further studies and development for practical applica-
tions.

The gist of the present invention includes the following
technical matters (1) to (22).

(1) A method for transforming stramenopiles,

comprising introducing a foreign gene into stramenopiles.

(2) The method according to (1), wherein the strameno-
piles belong to the class Labyrinthulomycetes.
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(3) The method according to (2), wherein the Labyrinthu-
lomycetes are microorganisms belonging to the genus Laby-
rinthula, Althornia, Aplanochytrium, Japonochytrium, Laby-
rinthuloides, Schizochytrium, Aurantiochytrium,
Thraustochytrium,  Ulkenia, Oblongichytrium, Botry-
ochytrium, Parietichytrium, or Sicyoidochytrium.

(4) The method according to anyone of (1) to (3), wherein
the microorganisms are any one of a Schizochytrium sp. M-8
strain (FERM P-19755), Thraustochytrium aureum ATCC
34304, Thraustochytrium sp. ATCC 26185, Schizochytrium
sp. AL1Ac, Schizochytrium aggregatum ATCC 28209, Ulk-
enia sp. ATCC 28207, Schizochytrium sp. SEK210 (NBRC
102615), Schizochytrium sp. SEK345 (NBRC 102616), Bot-
ryochytrium radiatum SEK353 (NBRC 104107), and Pariet-
ichytrium sarkarianum SEK364 (FERM ABP-11298).

(5) The method according to any one of (1) to (4), wherein
the foreign gene is a gene associated with tolerance against an
antibiotic, colorimetric protein, and/or fatty acid desaturase.

(6) The method according to any one of (1) to (5), wherein
the gene associated with fatty acid desaturase is a AS desatu-
rase gene, a A12 desaturase gene, and/or an w3 desaturase
gene.

(7) The method according to any one of (1) to (6), wherein
the foreign gene is introduced by electroporation or by using
a gene gun technique.

(8) A method for modifying the fatty acid composition of
stramenopiles,

comprising:

introducing a fatty acid desaturase gene; and

expressing the fatty acid desaturase.

(9) The method according to (8), wherein the fatty acid
desaturase is a desaturase.

(10) The method according to (8) or (9), wherein the fatty
acid desaturase is a AS desaturase, a A12 desaturase, or an w3
desaturase.

(11) The method according to any one of (8) to (10),
wherein the stramenopiles belong to the class Labyrinthulo-
mycetes.

(12) The method according to (11), wherein the Labyrin-
thulomycetes are microorganisms belonging to the genus
Labyrinthula, Althornia, Aplanochytrium, Japonochytrium,
Labyrinthuloides,  Schizochytrium,  Aurantiochytrium,
Thraustochytrium,  Ulkenia, Oblongichytrium, Botry-
ochytrium, Parietichytrium, or Sicyoidochytrium.

(13) The method according to (12), wherein the microor-
ganisms are any one of a Schizochytrium sp. M-8 strain
(FERM P-19755), Thraustochytrium aureum ATCC 34304,
Thraustochytrium sp. ATCC 26185, Schizochytrium sp.
AL1Ac, Schizochytrium aggregatum ATCC 28209, Ulkenia
sp. ATCC 28207, Schizochytrium sp. SEK210 (NBRC
102615), Schizochytrium sp. SEK345 (NBRC 102616), Bot-
ryochytrium radiatum SEK353 (NBRC 104107), and Pariet-
ichytrium sarkarianum SEK364 (FERM ABP-11298).

(14) A method for highly accumulating a fatty acid in a
stramenopiles by using the method of any one of (8) to (13).

(15) The method according to (14), wherein the fatty acid
is an unsaturated fatty acid.

(16) The method according to (15), wherein the unsatur-
ated fatty acid is an unsaturated fatty acid of 18 to 22 carbon
atoms.

(17) A fatty acid obtained by using the method of any one
of (14) to (16).

(18) Stramenopiles transformed to modify a fatty acid
composition.

(19) Stramenopiles transformed to highly accumulate fatty
acids.
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(20) The stramenopiles according to (18) or (19), wherein
the stramenopiles belong to the class Labyrinthulomycetes.

(21) The stramenopiles according to (20), wherein the
Labyrinthulomycetes are microorganisms belonging to the
genus  Labyrinthula, Althornia, Aplanochytrium,
Japonochytrium, Labyrinthuloides, Schizochytrium, Auran-
tiochytrium, Thraustochytrium, Ulkenia, Oblongichytrium,
Botryochytrium, Parietichytrium, or Sicyoidochytrium.

(22) The stramenopiles according to (21), wherein the
microorganisms are any one of a Schizochytrium sp. M-8
strain (FERM P-19755), Thraustochytrium aureum ATCC
34304, Thraustochytrium sp. ATCC 26185, Schizochytrium
sp. AL1Ac, Schizochytrium aggregatum ATCC 28209, Ulk-
enia sp. ATCC 28207, Schizochytrium sp. SEK210 (NBRC
102615), Schizochytrium sp. SEK345 (NBRC 102616), Bot-
ryochytrium radiatum SEK353 (NBRC 104107), and Pariet-
ichytrium sarkarianum SEK364 (FERM ABP-11298).

Advantage of the Invention

The present invention enabled modification of the stra-
menopiles’s ability to produce a useful substance (unsatur-
ated fatty acid) through introduction of a foreign gene asso-
ciated with the production of the useful substance, and thus
realized a modification method of a fatty acid composition
produced by stramenopiles, and a method for highly accumu-
lating fatty acids in stramenopiles. The invention also realized
an unsaturated fatty acid producing process, a stramenopiles
having an enhanced unsaturated fatty acid content, and pro-
duction of an unsaturated fatty acid from the unsaturated fatty
acid content-enhanced stramenopiles. The modification of
the fatty acid composition produced by stramenopiles, and
the method for highly accumulating fatty acid in strameno-
piles enabled more efficient production of polyunsaturated
fatty acids.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents the results of screening of antibiotics
sensitivity test. The labels on the X axis are, from the left,
control, G418 (2 mg/ml), Zeocin (1 mg/ml), Puromycin (100
pg/ml), Blasticidin (100 pg/ml), Hygromycin (2 mg/ml),
Chloramphnicol (30 pg/ml), Kanamycin (50 ng/ml), Penicil-
lin (500 pg/ml), Streptomycin (500 pg/ml), and Tetracyclin
(100 pg/ml).

FIG. 2 represents minimal growth inhibitory concentra-
tions in liquid cultures of 7. aureum.

FIG. 3 represents minimal growth inhibitory concentra-
tions in liquid cultures of Thraustochytrium sp.

FIG. 4 represents minimal growth inhibitory concentra-
tions in liquid cultures of mh0186.

FIG. 5 represents minimal growth inhibitory concentra-
tions in liquid cultures of ALL1 Ac.

FIG. 6 represents minimal growth inhibitory concentra-
tions in plate cultures of 7. aureum.

FIG. 7 represents minimal growth inhibitory concentra-
tions in plate cultures of Thraustochytrium sp.

FIG. 8 represents minimal growth inhibitory concentra-
tions in plate cultures of mh0186.

FIG. 9 represents minimal growth inhibitory concentra-
tions in plate cultures of AL 1Ac.

FIG. 10 is a schematic view representing a drug-resistant
gene cassette (EF-la promoter, terminator). Reference
numerals: 1. 18S 2. 1R 3. 2F 4. neo-pro-3F 5. n-G-pro-3F 6.
n-term-G-4R 7. n-term-G-4F 8. terminator SR

FIG. 11 is a schematic view representing a drug-resistant
gene cassette (ubiquitin promoter, terminator). Reference
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numerals: 1. Ndel18SF 2. 18s-fug-ubg-R 3. Ubpro-HindIII-R
4. UbproG418tus1R 5. ubproG418fus2F 6. G418ubtersus3R
7. G418ubterfus4F 8. KpnlterR.

FIG. 12 represents constructed Labyrinthula-Escherichia
coli shuttle vectors.

FIG. 13 represents evaluations of 4. /imacinum transfec-
tants using G418 resistance as an index.

FIG. 14 represents morphological comparisons between A.
limacinum transfectants and a wild-type strain.

FIG. 15 represents evaluations of 4. /imacinum transfec-
tants by PCR using genomic DNA as a template. Reference
numerals: 1: Transfectant 1 2: Transfectant 2 3: Transfectant
3 4: Transfectant 4 5: Transfectant 5 6: Wild type 7: Positive
control (introduced DNA fragment was used as a template).

FIG. 16 represents evaluations of 4. limacinum transfec-
tants by Southern blotting. Reference numerals: (A) 1. Posi-
tive control (476-pg introduced DNA) 2. Transfectant 1,
Xbaldigestion 3. Transfectant 1, Pstl treatment 4. Transfec-
tant 1, HindIII treatment 5. Transfectant 1, EcoRI treatment 6.
Transfectant 1, BamHI treatment 7 to 11. negative control
(wild type) (B) 1. Positive control (30-pg introduced DNA) 2.
Wild type, Pstl treatment 3. Transfectant 5, Pstl treatment 4.
Transfectant 4, Pstl treatment 5. Transfectant 3, Pstl treat-
ment 6. Transfectant 2, Pst] treatment 7. Transfectant 1, Pstl
treatment.

FIG. 17 represents evaluations of 4. limacinum transfec-
tants by RT-PCR. Reference numerals: 1: Transfectant 1 2:
Transfectant 2 3: Transfectant 3 4: Transfectant 4 5: Trans-
fectant 5 6: Wild type 7: Positive control (introduced DNA
fragment was used as a template); 8 to 13: Total RNA was
used as a template.

FIG. 18 represents morphological comparisons between 7
aureum transfectants and a wild-type strain.

FIG. 19 represents evaluations of 7. aureum transfectants
by PCR using genomic DNA as a template, and by Southern
blotting. Reference numerals: (A) M : $X174/Hincll, A Hin-
dIII 1: No template 2: Positive control (introduced DNA
fragment) 3: Transfectant 1 4: Transfectant 2 5: Transfectant
3 6: Wild type (B) P: Positive control (introduced DNA, 2.5
ng) 1: Wild type, Notl treatment 2: Transfectant 1, NotI treat-
ment 3: Transfectant 2, Notl treatment 4: Transfectant 3, Notl
treatment.

FIG. 20 represents evaluations of 7. aureum transfectants
by RT-PCR. Reference numerals: M: $X174/Hincll, A Hin-
dIII 1: Transfectant 1 2: Transfectant 2 3: Transfectant 3 4:
Wild type 5: Positive control (introduced DNA fragment) 6 to
9: the same as 1 to 4 except that RNA was used as a template
in PCR (negative control).

FIG. 21 represents evaluations of Thraustochytrium sp.
ATCC 26185 transfectants by PCR using genomic DNA as a
template, and by Southern blotting. Reference numerals: (A)
1: A HindIII digest/¢x-174 Hincll digest 2: wild type DNA
(2F/5R) 3: wild type DNA (only 2F) 4: wild type DNA (only
5R) 5: Transfectant-1 DNA (2F/5R) 6: Transfectant-1 DNA
(only 2F) 71: Trnsfectant-1 DNA (only 5R) 8: Transfectant-2
DNA (2F/5R)9: Transfectant-2 DNA (only 2F) 10: Transfec-
tant-2 DNA (only 5R) 11: Transfectant-3 DNA (2F/5R) 12:
Transfectant-3 RNA (only 2F) 13: Transfectant-3 RNA (only
5R)14: positive control (2F/5R) 15: positive control (only 2F)
16: positive control (only 5R) (B) 1: A HindIII digest/¢x-174
Hincll digest 2: Transfectant-2 DNA (2F/4R) 3: Transfec-
tant-2 DNA (only 2F) 4: Transfectant-2 DNA (only 4R) 5:
Transfectant-2 DNA (3F/4R) 6: Transfectant-2 DNA (only
3F) 7: Trnsfectant-2 DNA (3F/5R) 8: Transfectant-2 DNA
(only 5R) (C) 1: wild type, Pstl treatment; 2: wild type,
HindIII treatment 3: Transfectant-1, Pstl treatment 4: Trans-
fectant-1, HindIII treatment 5: Transfectant-2, Pstl treatment
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6: Transfectant-2, HindIII treatment 71: Transfectant-3, Pstl
treatment 8: Transfectant-3, HindIII treatment 10: positive
control (100-ng introduced DNA).

FIG. 22 represents evaluations of Thraustochytrium sp.
ATCC 26185 transfectants by RT-PCR. Reference numerals:
(A) 1: A HindIII digest/¢px-174 Hincll digest 2: wild type
cDNA (3F/4R) 3: wild type cDNA (only 3F) 4: wild type
c¢DNA (only 4R) 5: wild type RNA (3F/4R) 6: wild type RNA
(only 3F) 7: wild type RNA (only 4R) 8: Transfectant-1
c¢DNA (3F/4R) 9: Transfectant-1 cDNA (only 3F) 10: Trans-
fectant-1 cDNA (only 4R) 11: Transfectant-1 RNA (3F/4R)
12: Transfectant-1 RNA (only 3F) 13: Transfectant-1 RNA
(only 4R) 14: positive control (3F/4R) 15: positive control
(only 3F) 16: positive control (only 4R) (B) 1: A HindIII
digest/¢x-174 Hincll digest 2: Transfectant-2 cDNA (3F/4R)
3: Transfectant-2 cDNA (only 3F) 4: Transfectant-2 cDNA
(only 4R) 5: Transfectant-2 RNA (3F/4R) 6: Transfectant-2
RNA (only 3F) 7: Transfectant-2 RNA (only 4R) 8: Trans-
fectant-3 cDNA (3F/4R) 9: Transfectant-3 cDNA (only 3F)
10: Transfectant-3 cDNA (only 4R) 11: Transfectant-3 RNA
(3F/4R) 12: Transfectant-3 RNA (only 3F) 13: Transfectant-3
RNA (only 4R) 14: positive control (3F/4R) 15: positive
control (only 3F) 16: positive control (only 4R).

FIG. 23 represents evaluations of Schizochytrium sp.
ALI1Ac transfectants by PCR using genomic DNA as a tem-
plate. Reference numerals: Lanes 1 to 3: Transfectant; Lanes
4 to 6: Wild-type strain; Lane 7: No template DNA (negative
control); Lane 8: Introduced DNA was used as a template
(positive control).

FIG. 24 is a schematic view of a GFP (Green Fluorescent
Protein) gene/neomycin-resistant gene expression cassette.
Ub-pro-F1 and Ub-term-R2 each include a Kpnl site in the
sequence.

FIG. 25 represents PCR analyses of a control strain and a
GFP gene/neomycin-resistant gene expression cassette-in-
troduced strain, using genomic DNAs derived from these
strains as templates. (A, B), PCR results for Aurantio-
chytrium sp.mh0186; (C, D), PCR results for 1 aureum; (A,
C), results of amplification of a neomycin-resistant gene; (B,
D), results of amplification of a GFP gene. Reference numer-
als: M: A HindIII digest/¢x-174 Hincll digest; N: wild-type
strain (negative control); C: neomycin-resistant gene expres-
sion cassette-introduced strain (positive control in (A, C);
negative control in (B, D)); T: GFP gene/neomycin-resistant
gene expression cassette-introduced strain; P: GFP gene/neo-
mycin-resistant gene expression cassette was used as a tem-
plate (positive control).

FIG. 26 represents PCR analyses of a control strain and a
GFP gene/neomycin resistant gene expression cassette-intro-
duced strain, using cDNAs derived from these strains as tem-
plates. (A, B), PCR results for Aurantiochytrium sp.mh0186;
(C, D), PCR results for 1. aureum; (A, C), results of amplifi-
cation of a neomycin-resistant gene; (B, D), results of ampli-
fication of a GFP gene. Reference numerals: M: A HindIII
digest/¢x-174 Hincll digest; N: wild-type strain (negative
control); C: neomycin-resistant gene expression cassette-in-
troduced strain (positive control in (A, C); negative control in
(B, D)); T: GFP gene/neomycin-resistant gene expression
cassette-introduced strain; P: GFP gene/neomycin-resistant
gene expression cassette was used as a template (positive
control).

FIG. 27 represents the results of GFP fluorescence obser-
vation using a confocal laser microscope. (A), differential
interference image of a T. aureum wild-type; (B), fluores-
cence image of a 7. aureum wild-type; (C), differential inter-
ference image of GFP expressing 7. aureum; (D), fluores-
cence image of GFP expressing 7. aureum; (E), differential
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interference image of an Aurantiochytrium sp.mh0186 wild-
type; (F), fluorescence image of an Aurantiochytrium
sp.mh0186 wild-type; (G), differential interference image of
GFP expressing Aurantiochytrium sp.mh0186; (H), fluores-
cence image of GFP expressing Aurantiochytrium
sp.mh0186.

FIG. 28 represents multiple alignment analyses for the
putative amino acid sequence of Pinguiochrysis pyriformis-
derived A12 desaturase, and for the amino acid sequences of
fungus- and protozoa-derived Al2 desaturases. Multiple
alignment analyses were performed for the amino acid
sequences of A12 desaturases derived from P. pyriformis,
fungus, and protozoan, using ClustalW 1.81 and ESPript 2.2.
The same amino acid residues are indicated by blank letters
over the solid background, and similar amino acid residues by
bold face surrounded by solid lines. Underlines indicate com-
monly conserved histidine boxes. FIG. 28 includes the fol-
lowing sequences:

GenBank

Name SEQ ID NO: Source Accession No.

PpD12Dd SEQIDNO: 112  delta 12-fatty acid desaturase BAK52809
[Pinguiochrysis pyriformis)

SdD12d SEQIDNO: 113  delta-12 desaturase AAR20443
[Saprolegnia diclina]

McD12d  SEQIDNO: 114  delta-12 fatty acid desaturase BAB69056
[Mucor circinelloides]

RoD12d  SEQIDNO: 115 delta-12-fatty acid desaturase AAV52631
[Rbizopus oryzae)

MaD12d SEQIDNO: 116 delta-12 fatty acid desaturase BAAR1754
[Mortierella alpina)

TbD12d  SEQIDNO: 117 oleate desaturase AAQ74969

[Trypanosoma brucei]

FIG. 29 represents phylogenetic analysis of A12 desaturase
and bifunctional A12/A15 desaturase.

FIG. 30 represents GC analysis of fatty acid methyl ester
(FAME) derived from Saccharomyces cerevisiae to which a
control vector pYES2/CT or a recombinant plasmid
pYpD12Des was introduced. Arrow indicates a new peak,
with a retention time corresponding to that of the sample
linoleic acid methyl ester.

FIG. 31 represents GC-MS analysis of a new peak in
pYpD12Des-introduced S. cerevisiae-derived FAMEs. Ref-
erence numerals: (A), standard substance of linoleic acid;
(B), new peak.

FIG. 32 is a schematic view representing a A12 desaturase
gene/neomycin-resistant gene expression cassette. Ub-pro-
F1 and Ub-term-R2 each include a Kpnl site in the sequence.

FIG. 33 represents PCR analyses of a control strain and a
Al12 desaturase gene/neomycin-resistant gene expression
cassette-introduced strain, using genomic DNAs derived
from these strains as templates. (A), results of amplification
of neomycin-resistant gene; (B), results of amplification of
A12 desaturase gene. Reference numerals: M: A HindIII
digest/¢x-174 Hincll digest; N: wild-type strain (negative
control); C1: neomycin-resistant gene expression cassette-
introduced strain 1 (positive control in (A); negative control
in (B)); C2: neomycin-resistant gene expression cassette-
introduced strain 2 (positive control in (A); negative control
in (B)); C3: neomycin-resistant gene expression cassette-
introduced strain 3 (positive control in (A); negative control
in (B)); T1: Al12 desaturase gene/neomycin-resistant gene
expression cassette-introduced strain 1; T2: A12 desaturase
gene/neomycin-resistant gene expression cassette-intro-
duced strain 2; T3: A12 desaturase gene/neomycin-resistant
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gene expression cassette-introduced strain 3; P: GFP gene/
neomycin-resistant gene expression cassette was used as a
template (positive control).

FIG. 34 represents PCR analyses of a control strain and a
Al12 desaturase gene/neomycin-resistant gene expression
cassette-introduced strain, using cDNAs derived from these
strains as templates. (A), results of amplification of neomy-
cin-resistant gene; (B), results of amplification of A12 desatu-
rase gene. Reference numerals: M: A HindIII digest/¢px-174
Hincll digest; N: wild-type strain (negative control); C1:
neomycin-resistant gene expression cassette-introduced
strain 1 (positive control in (A); negative control in (B)); C2:
neomycin-resistant gene expression cassette-introduced
strain 2 (positive control in (A); negative control in (B)); C3:
neomycin-resistant gene expression cassette-introduced
strain 3 (positive control in (A); negative control in (B)); T1:
Al12 desaturase gene/neomycin-resistant gene expression
cassette-introduced strain 1; T2: A12 desaturase gene/neomy-
cin-resistant gene expression cassette-introduced strain 2;
T3: A12 desaturase gene/neomycin-resistant gene expression
cassette-introduced strain 3; P: GFP gene/neomycin-resistant
gene expression cassette was used as a template (positive
control).

FIG. 35 represents multiple alignment of 7. aureum-de-
rived A5 desaturase. FIG. 35 includes the following
sequences:

GenBank
Name SEQ ID NO: Source Accession No.
T, aureumn SEQID NO: 118 delta-5 desaturase BAKO08911
[Thraustochytrium aureum)
7. sp SEQ ID NO: 119 delta-5 fatty acid desaturase AAMO09687
[Thraustocytrium sp.
ATCC21685]
L. major  SEQID NO:120 delta-5 fatty acid desaturase XP_001681021
[Leishmania major
strain Friedlin]
M. SEQ ID NO: 121 fatty acid desaturase 1 NP_666206
musculus [Mus musculus]
R. SEQ ID NO: 122 delta-5 desaturase AAG35068
norvegicus [Rattus norvegicus]
H. sapiens SEQID NO:123 delta-5 desaturase AAF29378
[Homo sapiens]
C. elegans SEQID NO: 124 Fatty acid desaturase NP_501751
family member (fat-4)
[Caenorhabditis elegans]
D. SEQ ID NO: 125 delta 5 fatty acid desaturase XP_640331
discoideum [Dictyostelium discoideum

AX4]

FIG. 36 represents phylogenetic analysis of desaturase.

FIG. 37a represents the results of AS desaturase overex-
pression experiment 1 using yeast as a host. (GC analysis
result from ETA-containing medium).

FIG. 375 represents the results of AS desaturase overex-
pression experiment 2 using yeast as a host. (GC analysis
result using DGLA-containing medium).

FIG. 37c¢ represents the results of EPA and AA structure
analyses by GC-MS; (a), TauASdes product EPA; (b), EPA
standard substance: (c), TauASdes product AA; (d), AA stan-
dard substance.

FIG. 38, (a), represents a vector construct containing a AS
desaturase gene/neomycin-resistant gene expression cas-
sette; (b), a PCR amplified AS desaturase gene/neomycin-
resistant gene expression cassette.

FIG. 39 represents PCR analyses of a control strain and a
A5 desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain, using genomic DNAs derived from
these strains as templates. Lanes 1 to 6, amplified neomycin-
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resistant gene; Lanes 7 to 12, amplified A5 desaturase gene.
Reference numerals: 1: AS desaturase gene/neomycin-resis-
tant gene expression cassette-introduced strain 1; 2: AS
desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain 2; 3: A5 desaturase gene/neomycin-
resistant gene expression cassette-introduced strain 3; 4:
wild-type strain (negative control); 5: AS desaturase gene/
neomycin-resistant gene expression cassette was used as a
template (positive control); 6: No template (negative control);
7: AS desaturase gene/neomycin-resistant gene expression
cassette-introduced strain 1; 8: AS desaturase gene/neomy-
cin-resistant gene expression cassette-introduced strain 2; 9:
A5 desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain 3; 10: wild-type strain (negative con-
trol); 11: AS desaturase gene/neomycin-resistant gene
expression cassette was used as a template (positive control);
12: No template (negative control).

FIG. 40 represents PCR analyses of a control strain and a
A5 desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain, using cDNAs derived from these
strains as templates. The upper panel represents the results of
amplification of neomycin-resistant gene, and the lower panel
represents the results of amplification of AS desaturase gene.
Reference numerals: mhneo”l: neomycin-resistant gene
expression cassette-introduced strain 1; mhneo’2: neomycin-
resistant gene expression cassette-introduced strain 2;
mhneo”3: neomycin-resistant gene expression cassette-intro-
duced strain 3; mhASneo”1: AS desaturase gene/neomycin-
resistant gene expression cassette-introduced strain 1;
mhASneo™2: A5 desaturase gene/neomycin-resistant gene
expression cassette-introduced strain 2; mhASneo™3: A5
desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain 3.

FIG. 41 represents GC analyses of FAMEs derived from a
control strain or a A12 desaturase gene/neomycin-resistant
gene expression cassette-introduced Aurantiochytrium
sp.mh0186. Arrow indicates a new peak, with a retention time
corresponding to that of the sample linoleic acid methyl ester.

FIG. 42 represents GC-MS analyses of a new peak in A12
desaturase gene/neomycin-resistant gene expression cas-
sette-introduced strain-derived FAMEs.

FIG. 43 compares fatty acid compositions of a control
strain and a Al12 desaturase gene/neomycin-resistant gene
expression cassette-introduced strain. The blank bar and solid
bar represent the fatty acid compositions of the control strain
and the A12 desaturase gene/neomycin-resistant gene expres-
sion cassette-introduced strain, respectively. Arrow indicates
the foreign fatty acid oleic acid, and the star the biosynthe-
sized linoleic acid. Values are given as mean values+standard
deviation.

FIG. 44 represents the results of the GC analysis of a
mh0186 transfectant.

FIG. 45 represents the results of Neo” (about 2,300 bp)
detection by PCR, showing that specific Neo” amplification,
not found in the wild-type strain, was observed in the gene-
introduced Labyrinthula transfectants.

FIG. 46 represents a plasmid containing an SV40 termina-
tor sequence derived from a subcloned pcDNA 3.1 Myc-His
vector.

FIG. 47 is a schematic view representing primers used for
Fusion PCR, and the product. The end product had a fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter and pTracer-CMV/Bsd/lacZ-derived
blasticidin resistant gene.

FIG. 48 represents a pTracer-CMV/Bsd/lacZ-derived blas-
ticidin resistant gene BgllI cassette produced.
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FIG. 49 is a schematic view representing primers used for
Fusion PCR, and the product. The end product had a fused
sequence of Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter, Saprolegnia diclina-derived w3 desatu-
rase gene sequence, and Thraustochytrium aureum ATCC
34304-derived ubiquitin terminator.

FIG. 50 represents a plasmid in which one of the BgllI sites
in the blasticidin resistant gene BglIl cassette of FIG. 48 is
replaced with a Kpnl site.

FIG. 51 represents a Saprolegria diclina-derived w3
desaturase expression plasmid produced. The plasmid
includes a blasticidin resistant gene as a drug resistance
marker.

FIG. 52 is a schematic view representing positions of the
primers used for a PCR performed to confirm insertion of
Saprolegnia diclina-derived @3 desaturase gene into the
genome.

FIG. 53 represents evaluations of a Thraustochytrium
aureum ATCC 34304 transfectant strain by PCR using
genomic DNA as a template. Reference numerals: Lanes 1
and 2: transfectant.

FIG. 54 compares the fatty acid compositions of a Thraus-
tochytrium aureum ATCC 34304 control strain and an w03
desaturase gene introduced strain. The blank bar and solid bar
represent the fatty acid compositions of the control strain and
the w3 desaturase gene introduced strain, respectively. Values
are given as mean values+standard deviation.

FIG. 55 represents the percentage of fatty acids in the
control strain and the ®3 desaturase gene introduced strain
relative to the percentage of the Thraustochytrium aureum
ATCC 34304 wild-type strain taken as 100%.

MODE FOR CARRYING OUT THE INVENTION

The recent studies of the physiological activity and the
pharmacological effects of lipids have elucidated the conver-
sion of unsaturated fatty acids into various chemical sub-
stances, and the roles of unsaturated fatty acids in the unsat-
urated fatty acid metabolism. Particularly considered
important in relation to disease is the nutritionally preferred
proportions of saturated fatty acids, monounsaturated fatty
acids, and unsaturated fatty acids, and the proportions of fish
oil-derived w3 series (also known as the n-3 series) fatty acids
such as eicosapentaenoic acid and docosahexaenoic acid, and
plant-derived w6 series (also known as the n-6 series) fatty
acids as represented by linoleic acid. Because animals are
deficient in fatty acid desaturases (desaturases) or have low
levels of fatty acid desaturases, some unsaturated fatty acids
need to be ingested with food. Such fatty acids are called
essential fatty acids (or vitamin F), which include linoleic
acid (LA), y-linolenic acid (GLA), and arachidonic acid (AA
or ARA).

Unsaturated fatty acid production involves enzymes called
fatty acid desaturases (desaturases). The fatty acid desatu-
rases (desaturases) are classified into two types: (1) those
creating a double bond (also called an unsaturated bond) at a
fixed position from the carbonyl group of a fatty acid (for
example, A9 desaturase creates a double bond at the 9th
position as counted from the carbonyl side), and (2) those
creating a double bond at a specific position from the methyl
end of a fatty acid (for example, w3 desaturase creates a
double bond at the 3rd position as counted from the methyl
end). It is known that the biosynthesis of unsaturated fatty
acid involves the repetition of a set of two reactions, the
creation of a double bond by the desaturase (unsaturation),
and the elongation of the chain length by several different
elongases. For example, A9 desaturase synthesizes oleic acid
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(OA) by unsaturating the stearic acid either synthesized in the
body from palmitic acid or ingested directly. A6, AS, and A4
desaturases are fatty acid desaturases (desaturases) essential
for the syntheses of polyunsaturated fatty acids such as
arachidonic acid (AA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA).

The Labyrinthulomycetes, a member of stramenopiles, has
two families: Thraustochytrium (Thraustochytriaceae) and
Labyrinthulaceae. These microorganisms are known to accu-
mulate polyunsaturated fatty acids such as arachidonic acid,
EPA, DTA, DPA, and DHA.

The present invention is concerned with a stramenopiles
transformation method that introduces a foreign gene into a
stramenopiles. The transformation method of the present
invention is the basis for providing a novel modification
method of a fatty acid composition produced by strameno-
piles, a novel method for highly accumulating fatty acids in a
stramenopiles, and a novel unsaturated fatty acid producing
process. The transformation method has also made it possible
to develop and provide a stramenopiles having an enhanced
unsaturated fatty acid content conferred by the introduction
of a fatty acid desaturase gene, and a method for producing
unsaturated fatty acids from the unsaturated fatty acid con-
tent-enhanced stramenopiles.

The present invention is described below in more detail.
[Microorganism]

The microorganisms used in the fatty acid modification
method of the present invention are not particularly limited,
as long as the microorganisms are stramenopiles considered
to carry out fatty acid synthesis after introduction of a fatty
acid desaturase gene. Particularly preferred microorganisms
are those belonging to the class Labyrinthulomycetes.
Examples of the Labyrinthulomycetes include those of the
genus Labyrinthula, Althornia, Aplanochytrium,
Japonochytrium, Labyrinthuloides, Schizochytrium, Thraus-
tochytrium, Ulkenia, Aurantiochytrium, Oblongichytrium,
Botryochytrium, Parietichytrium, and Sicyoidochytrium.

The stramenopiles used in the present invention are pref-
erably those belonging to the genus Schizochytorium,
Thraustochytrium, Aurantiochytrium, and Parietichytrium,
particularly preferably a Schizochytrium sp. M-8 strain
(FERM P-19755), Thraustochytrium aureum ATCC34304,
Thraustochytrium sp. ATCC26185, Schizochytrium sp.
AL1Ac, Schizochytrium aggregatum ATCC28209, Ulkenia
sp. ATCC 28207, Schizochytrium sp. SEK210 (NBRC
102615), Schizochytrium sp. SEK345 (NBRC 102616), Bot-
ryochytrium radiatum SEK353 (NBRC 104107), and Pariet-
ichytrium sarkarianum SEK364 (FERM ABP-11298). The
Schizochytrium sp. M-8 strain is reported in Patent Document
5, and was acquired according to the method described in this
publication (Thraustochytrium M-8 strain). First, the sea
water and fallen leaves collected in the mangrove forest on
Ishigakijima were placed in a 300-ml Erlenmeyer flask, and
about 0.05 g of pine pollens (collected at the shore near the
city of Miyazaki) were added. The sample was left unat-
tended at room temperature for one week, and the sea water
was collected with the pine pollens floating on the surface.
The water (0.1 ml) was then applied onto a potato dextrose
agar medium prepared in a petri dish. The sample was cul-
tured at 28° C. for 5 days, and cream-colored, non-glossy
colonies were picked up, and applied onto a new agar
medium. After 3 days, the proliferated microorganisms were
observed under a microscope, and preserved in a slant
medium after determining the microorganisms as Labyrin-
thulomycetes from the cell size and morphology. Note that
this strain has been domestically deposited, and is available
from The National Institute of Advanced Industrial Science
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and Technology, International Patent Organism Depositary
(Tsukuba Center, Chuou Dairoku, 1-1-1, Higashi, Tsukuba-
shi, Ibaraki) (accession number: FERM P-19755; Mar. 29,
2004). The Parietichytrium sarkarianum SEK364 strain was
obtained from the surface water collected at the mouth of
fukidougawa on Ishigakijima. The water (10 ml) was placed
in a test tube, and left unattended at room temperature after
adding pine pollens. After 7 days, the pine pollens were
applied to a sterile agar medium (2 g glucose, 1 g peptone, 0.5
g yeast extract, 0.2 g chloramphenicol, 15 g agar, distilled
water 100 mL, sea water 900 mL). Colonies appearing after 5
days were isolated, and cultured again. This was repeated
several times to isolate the cells. Note that this strain has been
internationally deposited, and is available from The National
Institute of Advanced Industrial Science and Technology,
International Patent Organism Depositary (Tsukuba Center,
Chuou Dairoku, 1-1-1, Higashi, Tsukuba-shi, Ibaraki) (ac-
cession number: FERM ABP-11298; Sep. 24, 2010).

Itshould be noted that the stramenopiles are also referred to
by other names in literatures: Schizochytorium sp. mh0186,
Aurantiochytivum sp. mh0186, or Aurantiochytrium limaci-
num mh0186. These names are also referred to in the present
invention. These stramenopiles are cultured in common
media, including solid medium and liquid medium, using an
ordinary method. The type of medium used is not particularly
limited, as long as it is one commonly used for culturing
Labyrinthulomycetes, and that contains, for example, a car-
bon source (such as glucose, fructose, saccharose, starch, and
glycerine), a nitrogen source (such as a yeast extract, a corn
steep liquor, polypeptone, sodium glutamate, urea, ammo-
nium acetate, ammonium sulfate, ammonium nitrate, ammo-
nium chloride, and sodium nitrate), an inorganic salt (such as
potassium phosphate) and appropriately combined with other
necessary components. The prepared medium is adjusted to a
pH of 3.0 to 8.0, and used after being sterilized with an
autoclave or the like. The Thraustochytrium aureum ATCC
34304, Thraustochytrium sp. ATCC 26185, Schizochytrium
aggregatum ATCC 28209, and Ulkenia sp. ATCC 28207 are
deposited and available from ATCC. The Schizochytrium sp.
SEK210 (NBRC 102615), Schizochytrium sp. SEK345
(NBRC 102616), and Botryochytrium radiatum SEK353
(NBRC 104107) are deposited and available from The
National Institute of Technology and Evaluation.

[Fatty Acid Desaturase]

The fatty acid desaturase (desaturase) of the present inven-
tion is not particularly limited, as long as it functions as a fatty
acid desaturase. The origin of the fatty acid desaturase gene is
not particularly limited, and may be, for example, animals
and plants. Examples of the preferred fatty acid desaturase
genes include A4 fatty acid desaturase gene, AS fatty acid
desaturase gene, A6 fatty acid desaturase gene, and A12 fatty
acid desaturase gene, and these may be used either alone or in
combination. The A4 fatty acid desaturase gene, AS fatty acid
desaturase gene, A6 fatty acid desaturase gene, and A12 fatty
acid desaturase gene create an unsaturated bond at carbon 4,
5, 6, and 12, respectively, as counted from the terminal car-
boxyl group (delta end) of the fatty acid. A specific example
of'these fatty acid desaturase genes is the microalgae-derived
A4 fatty acid desaturase gene (Tonon, T., Harvey, D., Larson,
T. R., and Graham, I. A. Identification of a very long chain
polyunsaturated fatty acid A4-desaturase from the microalga
Pavlova lutheri; Non-Patent Document 5). Specific examples
of A5 desaturase include T, aureum-derived A5 desaturase,
and AS desaturases derived from Thraustochytrium sp. ATCC
26185, Dictyostelium discoideum, Rattus norvegicus, Mus
musculus, Homo sapiens, Caenorhabditis elegans, and Leish-
mania major. Examples of A12 desaturase include Pinguio-
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chrysis pyriformis-derived A12 desaturase, and fungus- and
protozoa-derived A12 desaturases.

Desaturase is essential for the production of polyunsatu-
rated fatty acids having many important functions. For
example, polyunsaturated fatty acids are the main component
of'the cell membrane, and exist in the form of phospholipids.
The fatty acids also function as precursor substances of mam-
mal prostacyclin, eicosanoid, leukotriene, and prostaglandin.
Polyunsaturated fatty acids are also necessary for the proper
development of a growing infant brain, and tissue formation
and repair. Given the biological significance of the polyun-
saturated fatty acids, there have been attempts to efficiently
produce polyunsaturated fatty acids, and intermediates of
polyunsaturated fatty acids.

A5 desaturase catalyzes, for example, the conversion of
dihomo-y-linolenic acid (DGLA) to arachidonic acid (AA),
and the conversion of eicosatetraenoic acid (ETA) to eicosa-
pentaenoic acid (EPA). A6 desaturase catalyzes, for example,
the conversion of linoleic acid (LA) to y-linolenic acid
(GLA), and the conversion of a-linolenic acid (ALA) to
stearidonic acid (STA). Aside from A5 desaturase and A6
desaturase, many other enzymes are involved in the polyun-
saturated fatty acid biosynthesis. For example, elongase cata-
lyzes the conversion of y-linolenic acid (GLA) to dihomo-y-
linolenic acid (DGLA), and the conversion of stearidonic acid
(STA) to eicosatetraenoic acid (ETA). Linoleic acid (LA) is
produced from oleic acid (OA) by the action of A12 desatu-
rase.

[Product Unsaturated Fatty Acid]

The unsaturated fatty acid produced by the fatty acid
desaturase expressed in stramenopiles are, for example, an
unsaturated fatty acid of 18 to 22 carbon atoms. Preferred
examples include docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EPA), though the preferred unsaturated fatty
acids vary depending on the types of the fatty acid desaturase
and the fatty acid substrate used. Other examples include
a-linolenic acid (ALA), octadecatetraenoic acid (OTA,
18:4n-3), eicosatetraenoic acid (ETA, 20:4n-3), n-3 docosa-
pentaenoic acid (DPA, 22:5n-3), tetracosapentaenoic acid
(TPA, 24:5n-3), tetracosahexaenoic acid (THA, 24:6n-3),
linoleic acid (LA), y-linolenic acid (GLA), eicosatrienoic
acid (20:3n-6), arachidonic acid (AA), and n-6 docosapen-
taenoic acid (DPA, 22:5n-6).

[Fatty Acid Desaturase Gene Source]

The organisms that can be used as the fatty acid desaturase
gene source in the present invention are not limited to par-
ticular genus, species, or strains as described in paragraph
[0021], and may be any organisms having an ability to pro-
duce polyunsaturated fatty acids. For example, in the case of
microorganisms, such organisms are readily available from
microorganism depositary authorities. Examples of such
microorganisms include the bacteria Moritella marina MP-1
strain (ATCC15381) of the genus Moritella. The following
describes a method using this strain as an example of desatu-
rase and elongase gene sources. The method, however, is also
applicable to the isolation of the constituent desaturase and
elongase genes from all biological species having the desatu-
rase/elongase pathway.

Isolation of the desaturase and/or elongase gene from the
MP-1 strain requires estimation of a conserved region in the
amino acid sequence of the target enzyme gene. For example,
in desaturase, it is known that a single cytochrome b5 domain
and three histidine boxes are conserved across biological
species, and that elongase has two conserved histidine boxes
across biological species. More specifically, the conserved
region of the target enzyme can be estimated by the multiple
alignment comparison of the known amino acid sequences of
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the desaturase or elongase genes derived from various bio-
logical species using the clustal w program (Thompson, J. D.,
etal.; Non-Patent Document 6). It is also possible to estimate
conserved regions specific to desaturase and/or elongase hav-
ing the same substrate specificity by the multiple alignment
comparison of the amino acid sequences of desaturase or
elongase genes having the same substrate specificity in the
desaturase and/or elongase derived from known other organ-
isms. Various degenerate oligonucleotide primers are then
produced based on the estimated conserved regions, and the
partial sequence of the target gene derived from the MP-1
strain is amplified using an MP-1 strain-derived ¢cDNA
library as a template, by using methods such as PCR and
RACE. The resulting amplification product is cloned into a
plasmid vector, and the base sequence is determined using an
ordinary method. The sequence is then compared with a
known enzyme gene to confirm isolation of a part of the target
enzyme gene from the MP-1 strain. The full-length target
enzyme gene can be obtained by hybridization screening
using the obtained partial sequence as a probe, or by the
RACE technique using the oligonucleotide primers produced
from the partial sequence of the target gene.

[Other Gene Sources]

Reference should be made to Non-Patent Document 7 or 8
for GFP (Green Fluorescent Protein), Patent Document 6 for
EGFP (enhanced GFP), and Non-Patent Document 9 for neo-
mycin-resistant gene.

[Introduction and Expression of Fatty Acid Desaturase in
Stramenopiles]

The fatty acid desaturase gene may be introduced by way
of transformation using the conventional method of gene
introduction into a microorganism. An example of such a
method is the transformation introducing a recombinant
expression vector into a cell. Details of the desaturase gene
introduction into stramenopiles in the present invention will
be specifically described later in Examples. The strameno-
piles used for transformation are not particularly limited, and
those belonging to the class Labyrinthulomycetes can pref-
erably be used, as described above.

The expression vector is not particularly limited, and a
recombinant expression vector with an inserted gene may be
used. The vehicle used to produce the recombinant expres-
sion vector is not particularly limited, and, for example, a
plasmid, a phage, and a cosmid may be used. A known
method may be used for the production of the recombinant
expression vector. The vector is not limited to specific types,
and may be appropriately selected from vectors expressible in
ahost cell. Specifically, the expression vector may be one that
is produced by incorporating the gene of the present invention
into a plasmid or other vehicles with a promoter sequence
appropriately selected according to the type of the host cell
for reliable expression of the gene. The expression vector
preferably includes at least one selection marker. Examples of
the marker for eukaryotic cell cultures include dihydrofolate
reductase, a neomycin-resistant gene, and a GFP. In consid-
eration of the results for antibiotic sensitivity and the selec-
tion marker genes used in the eukaryotes transformation sys-
tem, the selection marker genes presented in Table 1 below
were shown to be effective for the Labyrinthulomycetes
transformation system.

These selection markers allow for confirmation of whether
the polynucleotide according to the present invention has
been introduced into a host cell, or whether the polynucle-
otide is reliably expressed in the host cell. Alternatively, the
fatty acid desaturase according to the present invention may
be expressed as a fused polypeptide. For example, the fatty
acid desaturase according to the present invention may be
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expressed as a GFP fused polypeptide, using an Aequorea-
derived green fluorescence polypeptide GFP as a marker.

Preferably, the foreign gene is introduced by electropora-
tion or by using the gene gun technique. Specific introduction
conditions are presented in Table 2. In the present invention,
the introduction of the fatty acid desaturase gene changes the
fatty acid composition of the cell from that before the intro-
duction of the fatty acid desaturase gene. Specifically, the
fatty acid composition is modified by the expression of the
fatty acid desaturase gene.

The stramenopiles transformation produce a stramenopiles
(microorganism) in which the composition of the fatty acid it
produces is modified. The stramenopiles with the fatty acid
desaturase-encoding gene expressibly introduced therein can
be used for, for example, the production of unsaturated fatty
acids. Unsaturated fatty acid production is possible with the
stramenopiles that has been modified to change its fatty acid
composition as above, and other conditions, including manu-
facturing process, equipment, and instruments are not par-
ticularly limited. The unsaturated fatty acid production
includes the step of culturing a microorganism that has been
modified to change its fatty acid composition by the foregoing
modification method, and the microorganism is used with a
medium to produce unsaturated fatty acids.

The cell culture conditions (including medium, culture
temperature, and aeration conditions) may be appropriately
set according to such factors as the type of the cell, and the
type and amount of the unsaturated fatty acid to be produced.

As used herein, the term “unsaturated fatty acids” encom-
passes substances containing unsaturated fatty acids, and
attributes such as the content, purity, shape, and composition
are not particularly limited. Specifically, in the present inven-
tion, the cell or medium itself having a modified fatty acid
composition may be regarded as unsaturated fatty acids. Fur-
ther, a step of purifying the unsaturated fatty acids from such
cells or media also may be included. A known method of
puritying unsaturated fatty acids and other lipids (including
conjugate lipids) may be used for the purification of the
unsaturated fatty acids.

[Method of Highly Accumulating Unsaturated Fatty Acid in
Stramenopiles]

Accumulation of unsaturated fatty acids in stramenopiles
are realized by culturing the transformed stramenopiles of the
present invention. For example, the culture is performed
using a common solid or liquid medium. The type of medium
used is not particularly limited, as long as it is one commonly
used for culturing Labyrinthulomycetes, and that contains,
for example, a carbon source (such as glucose, fructose, sac-
charose, starch, and glycerine), a nitrogen source (such as a
yeast extract, a corn steep liquor, polypeptone, sodium
glutamate, urea, ammonium acetate, ammonium sulfate,
ammonium nitrate, ammonium chloride, and sodium nitrate),
an inorganic salt (such as potassium phosphate), and appro-
priately combined with other necessary components. Particu-
larly preferably, a yeast extract/glucose agar medium (GY
medium) is used. The prepared medium is adjusted to a pH of
3.0t0 8.0, and used after being sterilized with an autoclave or
the like. The culture may be performed by aerated stirred
culture, shake culture, or static culture at 10 to 40° C., pref-
erably 15 to 35° C., for 1 to 14 days.

For the collection of the produced unsaturated fatty acids,
the stramenopiles are grown in a medium, and the intracellu-
lar lipids (oil and fat contents with the polyunsaturated fatty
acids, or the polyunsaturated fatty acids) are released by
processing the microorganism cells obtained from the
medium. The lipids are then collected from the medium con-
taining the released intracellular lipids. Specifically, the cul-
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tured stramenopiles are collected by using a method such as
centrifugation. The cells are then disrupted, and the intracel-
Iular fatty acids are extracted using a suitable organic solvent
according to an ordinary method. Oil and fat with the
enhanced polyunsaturated fatty acid content can be obtained
in this manner.

In the present invention, the transformed stramenopiles
with the introduced fatty acid desaturase gene are cultured,
and the stramenopiles produce fatty acids of a modified com-
position. This is the result of the introduced fatty acid desatu-
rase unsaturating the fatty acids normally produced in stra-
menopiles. The fatty acid compositional changes before and
after the modification are presented and compared in Tables 8
to 10. For example, although the expression of Pinguiochry-
sis-derived A12 desaturase does not change the types of the
fatty acids produced, the introduced enzyme affects the prod-
uct ratio. Specifically, oleic acid was converted to linoleic
acid, at a conversion efficiency of 30+6.6%.

In an expression test using a foreign Labyrinthula-derived
A5 desaturase in a particular species of Labyrinthula, the EPA
content showed an about 1.4-fold increase. In a culture per-
formed in a medium containing ETA or DGLA, the ETA and
DGLA were converted to EPA and AA, respectively, and the
unsaturated fatty acids increased. As to the conversion effi-
ciency in Labyrinthula, the conversion efficiency of a precur-
sor substance in Labyrinthula was higher than that in a yeast,
specifically 75% for ETA, and 63% for DGLA. These results
were obtained form CG-MS test data.

The unsaturated fatty acids of the present invention encom-
pass various drugs, foods, and industrial products, and the
applicable areas of the unsaturated fatty acids are not particu-
larly limited. Examples of the food containing oil and fat that
contain the unsaturated fatty acids of the present invention
include foods with health claims such as supplements, and
food additives. Examples of the industrial products include
feeds for non-human organisms, films, biodegradable plas-
tics, functional fibers, lubricants, and detergents.

The present invention is described below in more detail
based on examples. Note, however, that the present invention
is in no way limited by the following examples.

EXAMPLE 1

Labyrinthulomycetes, Culture Method, and
Preservation Method

(1) Strains Used in the Present Invention

Thraustochytrium aureum ATCC 34304, and Thraus-
tochytrium sp. ATCC 26185 were obtained from ATCC.
Aurantiochytrium limacinum mh0186, and Schizochytrium
sp. AL1Ac were obtained from University of Miyazaki, Fac-
ulty of Agriculture.

Schizochytrium aggregatum ATCC 28209, and Ulkenia sp.
ATCC 28207 were obtained from ATCC. Schizochytrium sp.
SEK210 (NBRC 102615), Schizochytrium sp. SEK345
(NBRC 102616), Botryvochytrium radiatum SEK353 (NBRC
104107), and Parietichytrium sarkarianum SEK364 were
obtained from Konan University, Faculty of Science and
Engineering.

(2) Medium Composition
i. Agar Plate Medium Composition
PDA Agar Plate Medium

A 0.78% (w/v) potato dextrose agar medium (Nissui Phar-
maceutical Co., Ltd.), 1.75% (w/v) Sea Life (Marine Tech),
and a 1.21% (w/v) agar powder (nacalai tesque) were mixed,
and sterilized with an autoclave at 121° C. for 20 min. After
sufficient cooling, ampicillin sodium (nacalai tesque) was



US 9,150,891 B2

17

added in a final concentration of 100 pg/ml to prevent bacte-
rial contamination. The medium was dispensed onto a petri
dish, and allowed to stand on a flat surface to solidify.
ii. Liquid Medium Composition
GY Liquid Medium

3.18% (w/v) glucose (nacalai tesque), a 1.06% (w/v) dry
yeast extract (nacalai tesque), and 1.75% (w/v) Sea Life (Ma-
rine Tech) were mixed, and sterilized with an autoclave at
121° C. for 20 min. Then, 100 pg/ml ampicillin sodium (na-
calai tesque) was added.
PD Liquid Medium

0.48% (w/v) potato dextrose (Difco), and 1.75% (w/v) Sea
Life (Marine Tech) were mixed, and sterilized with an auto-
clave at 121° C. for 20 min. Then, 100 pg/ml ampicillin
sodium (nacalai tesque) was added.
H Liquid Medium

0.2% (w/v) glucose (nacalai tesque), a 0.02% (w/v) dry
yeast extract (nacalai tesque), 0.05% sodium glutamate (na-
calai tesque), and 1.75% (w/v) Sea Life (Marine Tech) were
mixed, and sterilized with an autoclave at 121° C. for 20 min.
Then, 100 pg/ml ampicillin sodium (nacalai tesque) was
added.
(3) Culture Method
i. Agar Plate Culture

Labyrinthula cells were inoculated using a platinum loop
or a spreader, and static culture was performed at 25° C. to
produce colonies. Subcultures were produced by collecting
the colonies with a platinum loop, suspending the collected
colonies in a sterilized physiological saline, and applying the
suspension using a platinum loop or a spreader. As required,
the cells on the plate were inoculated in a liquid medium for
conversion into a liquid culture.
ii. Liquid Culture

Labyrinthula cells were inoculated, and suspension culture
was performed by stirring at 25° C., 150 rpm in an Erlenm-
eyer flask or in a test tube. Subcultures were produced by
adding a culture fluid to a new GY or PD liquid medium in a
1/200 to 1/10 volume after confirming proliferation from the
logarithmic growth phase to the stationary phase. As required,
the cell culture fluid was applied onto a PDA agar plate
medium for conversion into an agar plate culture.
(4) Maintenance and Preservation Method of Labyrinthulo-

mycetes

In addition to the subculture, cryopreservation was per-
formed by producing a glycerol stock. Specifically, glycerol
(nacalai tesque) was added in a final concentration of 15%
(v/v) to the logarithmic growth phase to stationary phase of a
cell suspension in a GY liquid medium, and the cells were
preserved in a —80° C. deep freezer.

EXAMPLE 2

Selection of Selection Markers Used for Antibiotic
Sensitivity Test and for Transformation System of
Labyrinthulomycetes

(1) Screening of Antibiotics Showing Sensitivity in Liquid

Culture

Precultures of four strains of Labyrinthulomycetes were
added to GY liquid media containing various antibiotics, and
cultured at 150 rpm, 25° C. for 5 days. Then, turbidity at 600
nm (OD600) was measured. FIG. 1 presents the antibiotics
used and antibiotic concentrations, along with the measure-
ment results.
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(2) Determination of Minimal Growth Inhibitory Concentra-
tion (MIC) in Liquid Culture

MICS in liquid culture were determined for the antibiotics
that Labyrinthulomycetes showed sensitivity. Precultures of
four strains of Labyrinthulomycetes were added to GY liquid
media containing various antibiotics of different concentra-
tions, and cultured at 150 rpm, 25° C. for 5 days. Then,
turbidity at 600 nm (ODy,,) was measured. FIG. 2 present the
results for 7. aureum, FIG. 3 present the results for Thraus-
tochytrium sp. ATCC 26185, FIG. 4 present the results for 4.
limacinum mh0186, and FIG. 5 present the results for
Schizochytrium sp. AL1Ac, respectively.

(3) Determination of MIC in Agar Plate Culture

Precultures (5 ul) of four strains of Labyrinthulomycetes
were dropped onto PDA agar media containing various anti-
biotics of different concentrations, and observed for colony
formation after being cultured at 25° C. for 7 days. FIG. 6
present the results for 7" aureum, F1G. 7 present the results for
Thraustochytrium sp. ATCC 26185, FIG. 8 present the results
for A. limacinum mh0186, and FIG. 9 present the results for
Schizochytrium sp. AL1Ac, respectively.

In consideration of these results of the antibiotic sensitivity
test and the selection marker genes used for the eukaryotes
transformation system, the selection marker genes presented
in the following Table 1 were found to be effective in the
Labyrinthulomycetes transformation system.

TABLE 1

Tested strain Usable selection marker genes

T aureum
Thraustochytrium sp.
A. limacinum mh0186

Neo”, Hyg", Bla”
Neo”, Hyg", Bla”, Ble”
Neo”, Hyg", Bla”, Ble”

Schizochytrium sp. AL1Ac Neo”, Hyg”
Neo”: Neomycin resistant gene,
Hyg": Hygromycin resistant gene
Bla": Blastcidin resistant gene,
Ble”: Bleomycin resistant gene
EXAMPLE 3

Isolation of 7" aureum-Derived EF-1a and Ubiquitin
Genes, and Isolation of Gene Expression Regulatory
Regions

(1) Isolation of 7. aureum-Derived EF-1a. Gene and Gene

Expression Region
i. Isolation of I aureum-Derived EF-la Gene cDNA
Sequence

T aureum cells cultured in a GY liquid medium were
harvested in the logarithmic growth phase to stationary phase
by centrifugation at 4° C., 3,500xg for 10 min. The resulting
cells were suspended in a sterilized physiological saline, and
washed by recentrifugation. The cells were then ground into
a powder with a mortar after rapid freezing with liquid nitro-
gen. Total RNA was extracted from the disrupted cell solution
using a Sepasol RNA I Super (nacalai tesque), and mRNA
was purified from the total RNA using an Oligotex™-dT30
<Super> mRNA Purification Kit (Takara Bio).

Thereafter, a cDNA library including a synthetic adapter
added to the 5'- and 3'-ends was produced using a SMART™
RACE ¢cDNA Amplification Kit (clontech). A single forward
degenerate oligonucleotide primer EF-F1 (SEQ ID NO: 1 in
the Sequence Listing) was produced based on a known EF-1a
conserved sequence using a DNA synthesizer (Applied Bio-
systems). 3' RACE performed with these materials confirmed
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a specific amplification product. The DNA fragments isolated
by electrophoresis on a 1% agarose gel were cut out with, for
example, a clean cutter, and the DNA was extracted from the
agarose gel according to the method described in Non-Patent
Document 10. This was followed by the TA cloning of the
DNA fragments using a pGEMR-T easy Vector System |
(Promega), and the base sequences of these fragments were
determined according to the method of Sanger et al. (Non-
Patent Document 11). Specifically, the base sequences were
determined by the dieterminator technique using a BigDyeR
Terminator v3.1 Cyele Sequencing Kit, and a 3130 genetic
analyzer (Applied Biosystems). The result that the resulting
980-bp 3' RACE product (SEQ ID NO: 2 in the Sequence
Listing) was highly homologous to the EF-1a genes derived
from other organisms strongly suggested that the product was
a partial sequence of the 7. aureum-derived EF-1a. gene.

From this sequence, two reverse oligonucleotide primers
EF-1r (SEQ ID NO: 3 in the Sequence Listing) and EF-2r
(SEQ ID NO: 4 in the Sequence Listing) were produced, and
5' RACE was performed using these primers. The result con-
firmed 5' RACE products specific to the both. A base
sequence analysis found that the former was a 496-bp partial
sequence (SEQ ID NO: 5 in the Sequence Listing) of the T
aureum-derived putative EF-1a gene, and the latter a 436-bp
(SEQ ID NO: 6 in the Sequence Listing) partial sequence of
the 7 aureum-derived putative EF-1a gene. There was a
complete match with the 3' RACE product in the overlapping
portions.

It was found from these results that the cDNA sequence of
the 7. aureum-derived putative EF-1a gene was a 1,396-bp
sequence (SEQ ID NO: 7 in the Sequence Listing), and that
the ORF region was a 1,023-bp region (SEQ ID NO: 9 in the
Sequence Listing) encoding 341 amino acid residues (SEQ
ID NO: 8 in the Sequence Listing).

ii. Isolation of 7. aureum-Derived EF-1a Gene Regulatory
Region

T. aureum cells cultured in GY medium were harvested by
centrifugation. The resulting cells were suspended in a ster-
ilized physiological saline, and washed by recentrifugation.
The cells were then ground into a powder with a mortar after
rapid freezing with liquid nitrogen. The genomic DNA was
extracted according to the method described in Non-Patent
Document 12, and A260/280 was taken to measure the purity
and concentration of the extracted genomic DNA.

This was followed by PCR genome walking to isolate the
EF-la gene ORF upstream sequence (promoter) or ORF
downstream sequence (terminator), using an LA PCR in vitro
Cloning Kit. Note that a reverse oligonucleotide primer r3
(SEQ ID NO: 10 in the Sequence Listing) was used for the
amplification of the ORF upstream sequence, and forward
oligonucleotide primers EF-t-F1 (SEQ ID NO: 11 in the
Sequence Listing) and EF-t-F2 (SEQ ID NO: 12 in the
Sequence Listing) were used for the amplification of the ORF
downstream sequence. Analysis of the base sequences of the
resulting specific amplification products revealed successful
isolation of a 615-bp ORF upstream sequence (SEQ ID NO:
13 in the Sequence Listing), and a 1, 414-bp ORF down-
stream sequence (SEQ ID NO: 14 in the Sequence Listing) of
the 7. aureum-derived EF-1a gene. In the following, the
former is denoted as EF-1a promoter, and the latter EF-1a
terminator.

(2) Isolation of 7. aureum-Derived Ubiquitin Gene and Gene

Expression Region
i. Isolation of 7. aureum-Derived Ubiquitin Gene cDNA
Sequence

3' RACE was performed with a forward degenerate oligo-
nucleotide primer 2F (SEQ ID NO: 15 in the Sequence List-
ing) produced from a known ubiquitin gene conserved
sequence, using the cDNA library created by using a
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SMART™ RACE ¢cDNA Amplification Kit (clontech) as a
template. Analysis of the base sequence of the resulting
amplification product revealed that the product was a 278-bp
partial sequence (SEQ ID NO: 16 in the Sequence Listing) of
the 7. aureum-derived putative ubiquitin gene. Specific
amplification products could not be obtained in 5' RACE,
despite use of various oligonucleotide primers under different
PCR conditions. This raised the possibility that the high GC-
content higher-order structure of the target mRNA might have
inhibited the reverse transcription reaction in the cDNA
library production.

5'RACE was thus performed using a 5' RACE System for
Rapid Amplification of cDNA Ends, Version 2.0 (Invitrogen),
which uses a reverse transcriptase having high heat stability.
Note that reverse oligonucleotide primer 1R (SEQ ID NO: 17
in the Sequence Listing) was used for the reverse transcrip-
tion reaction, and reverse nucleotide primer 2R (SEQ ID NO:
18 in the Sequence Listing) was used for the PCR reaction
after the cDNA synthesis. Analysis of the base sequence of
the resulting amplification product revealed that the product
was a 260-bp partial sequence (SEQ ID NO: 19 in the
Sequence Listing) of the 7. aureum-derived putative ubiquitin
gene, and there was a complete match with the 3' RACE
product in the overlapping portion. The result thus revealed
successful isolation of the 7. aureum-derived putative ubiq-
uitin gene cDNA sequence.

However, it is known that the ubiquitin gene typically has
a repeat structure of the same sequence. It is thus speculated
the result did not represent the full-length structure of the
gene, but rather revealed the 5'- and 3'-end noncoding regions,
and the single sequence forming the repeat structure in the
OREF region. Note that the single sequence found in the ORF
region of the 7. aureum-derived putative ubiquitin gene was
found to be a 228-bp sequence (SEQ ID NO: 21 in the
Sequence Listing) encoding 76 amino acid residues (SEQ ID
NO: 20 in the Sequence Listing).

ii. Isolation of 7. aureum-Derived Ubiquitin Gene Regulatory
Region

PCR genome walking was performed to isolate a ubiquitin
gene ORF upstream sequence (promoter) or an ORF down-
stream sequence (terminator), using an LA PCR in vitro
Cloning Kit. Note that reverse oligonucleotide primers
REVERS-U PR-1 (SEQ ID NO: 22 in the Sequence Listing)
and REVERS-U PR-2 (SEQ ID NO: 23 in the Sequence
Listing) were used for the amplification of the ORF upstream
sequence, and forward oligonucleotide primers ubqtermi-
nalfl (SEQ ID NO: 24 in the Sequence Listing) and ter2F
(SEQ ID NO: 25 in the Sequence Listing) were used for the
amplification of the ORF downstream sequence. Analysis of
the base sequences of the specific amplification products
revealed successful isolation of a 801-bp ORF upstream
sequence (SEQ ID NO: 26 in the Sequence Listing), and a
584-bp ORF downstream sequence (SEQ ID NO: 27 in the
Sequence Listing) of the 7. aureum-derived ubiquitin gene. In
the following, the former will be denoted as ubiquitin pro-
moter, and the latter ubiquitin terminator.

In this manner, the promoters and terminators of the 7
aureum-derived house keeping gene EF-1a and the ubiquitin
gene were successfully isolated as the gene expression regu-
latory regions that constantly function in Labyrinthulo-
mycetes.

EXAMPLE 4

Production of Drug-Resistant Gene Expression
Cassette

(1) Artificial Synthesis of Neomycin-Resistant Gene (Neo”)
Artificial Neo” was synthesized by MediBic according to
the codon usage of 7. aureum in codon usage database (ww-
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w.kazusa.or.jp/codon/). The base sequence is represented by
SEQ ID NO: 28 in the Sequence Listing, and the encoded
amino acid sequence by SEQ ID NO: 29 of the Sequence
Listing.

(2) Construction of Neo” Expression Cassette

i. Construction of Neo” Expression Cassette Using EF-1a
Promoter and Terminator

A DNA fragment including 7. aureum-derived 18S rDNA
joined by fusion PCR to the upstream side of a drug-resistant
gene (Neo”) expression cassette including EF-1a promoter/
artificial Neo’/EF-1a terminator was produced by using the
oligonucleotide primers represented by SEQ ID NOS: 30 to
38 of the Sequence Listing, according to the method
described in Nippon Nogeikagaku Kaishi, Vol. 77, No. 2
(February, 2003), p. 150-153. PCR reaction was run at a
denature temperature of 98° C. for 10 seconds, and the
annealing and extension reactions were appropriately
adjusted according to the Tm of the primers, and the length of
the amplification product.

As aresult, 7 aureum 18S rDNA, EF-1a. promoter, artifi-
cial Neo”, and EF-1la terminator were successfully joined
(4,454 bp; SEQ ID NO: 39 in the Sequence Listing; FIG. 10).

By TA cloning using a pGEM-T easy (Invitrogen), a Laby-
rinthula-Escherichia coli shuttle vector was constructed that
included a Neo” expression cassette with the EF-1a promoter
and terminator used as the selection marker for Labyrinthula,
and the 7. aureum-derived 18S rDNA sequence as a homolo-
gous recombination site. In the following, this will be denoted
as pEFNeomycin” (FIG. 12).

ii. Construction of Neo” Expression Cassette Using Ubiquitin
Promoter and Terminator

The same technique used for the Neo” expression cassette
using the EF-1a promoter and terminator was used to join 7.
aureum 18S rDNA, ubiquitin promoter, artificial Neo”, and
ubiquitin terminator, using the oligonucleotide primers rep-
resented by SEQ ID NOS: 40 to 47 of the Sequence Listing
(FIG. 11). The constructed Neo” expression cassette was
incorporated by using the Ndel/Kpnl site of a pUC18 vector,
and a Labyrinthula-Escherichia coli shuttle vector was con-
structed that included a Neo” expression cassette with the
ubiquitin promoter and terminator used as the selection
marker for Labyrinthula, and the T aureum-derived 18S
rDNA sequence as a homologous recombination site. In the
following, this will be denoted as pUBNeomycin” (FIG. 12).

In this manner, two vectors were constructed: The Laby-
rinthula-Escherichia coli shuttle vector pEFNeomycin”
including the Neo” expression cassette with the EF-1a gene
promoter and terminator used as the selection marker for
Labyrinthula; and the pUBNeomycin” including the Neo”
expression cassette with the ubiquitin gene promoter and
terminator. For easy Neo” expression in Labyrinthula, these
vectors use the artificially synthesized Neo” whose codons
have been optimized by using the 7. aureum codon usage as
reference. Further, the vectors include the 7. aureum-derived
18S rDNA sequence, taking into consideration incorporation
into chromosomal DNA by homologous recombination
(FIGS. 10 and 11).

EXAMPLE 5
Gene Introduction Experiment Using Labyrinthula

(1) DNAs Used in Gene Introduction Experiment
Gene introduction experiment was conducted using the
following four DNAs.
(1) Cyclic vector pUBNeomycin”
(2) Cyclic vector pEFNeomycin”
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(3) Linear Neo” expression cassette adopting ubiquitin pro-
moter and terminator (ub-Neo”)

(4) Linear Neo” expression cassette adopting EF-1a promoter
and terminator (EF-Neo”)

For (3), PCR was performed with an oligonucleotide
primer set Ubpro-fug-18s-F (SEQ ID NO: 42 in the Sequence
Listing)/KpnterR (SEQ ID NO: 47 in the Sequence Listing),
using an LA taq Hot Start Version (Takara Bio), and pUB-
Neomycin” as a template, and the resulting amplification
product was gel purified. For (4), PCR was performed with an
oligonucleotide primer set 2F (SEQ ID NO: 32 in the
Sequence Listing)/terminator SR (SEQ ID NO: 33 in the
Sequence Listing), using an LA taq Hot Start Version (Takara
Bio), and pEFNeomycin” as a template, and the resulting
amplification product was gel purified.

(2) Gene Introducing Technique Used for Gene Introduction

Experiment
i. Electroporation

Labyrinthulomycetes were cultured in a GY liquid
medium to the middle to late stage of the logarithmic growth
phaseat25°C., 150 rpm, and the supernatant was removed by
centrifugation at 3,500xg, 4° C. for 10 min. The resulting
cells were suspended in sterilized 1.75% Sea Life (Marine
Tech), and washed by recentrifugation. The cells (5x109)
were then suspended in 50 mM sucrose, or in a reagent for
gene introduction attached to the equipment used. After
applying electrical pulses in different settings, GY liquid
medium (1 ml) was immediately added, and the cells were
cultured at 25° C. for 12 hours. The culture fluid was then
applied to a PDA agar plate medium containing 2 mg/ml
G418 (1. aureum, Thraustochytrium sp. ATCC 26185,
Schizocytrium sp. AL1Ac) or 0.5 mg/ml G418 (4. limacinum
mh0186). After static culturing at 25° C., colony formation of
transfectants with the conferred G418 resistance was
observed.

ii. Gene Gun Technique

Labyrinthulomycetes were cultured in a GY liquid
medium to the middle to late stage of the logarithmic growth
phaseat25°C., 150 rpm, and the supernatant was removed by
centrifugation at 3,500xg, 4° C. for 10 min. The resulting
cells were resuspended in a GY liquid medium in 100 times
the concentration of the original culture fluid, and a 20-ul
portion of the cell suspension was evenly applied as a thin
layer of about a 3-cm diameter on a 5-cm diameter PDA agar
plate medium containing or not containing G418. After dry-
ing, DNA penetration was performed by using the gene gun
technique, using a PDS-1000/He system (Bio-Rad Laborato-
ries). The penetration conditions were investigated by vary-
ing the penetration pressure, as follows.

target distance: 6 cm (fixed)

vacuum: 26 inches Hg (fixed)

micro carrier size: 0.6 um (fixed)

Rupture disk (penetration pressure): 450, 900, 1100, 1350,

and 1,550

In the case of the G418-containing PDA agar plate
medium, the cells after the penetration were statically cul-
tured for about 12 hours from the introduction. The static
culture was continued after spreading the cells with 100 pl of
PDA liquid medium on the PDA agar plate. On the other
hand, in the PDA agar plate medium containing no G418, the
cells after the penetration were statically cultured for about 12
hours from the introduction, collected, and reapplied to a
PDA agar plate medium containing 2 mg/ml or 0.5 mg/ml
G418. After static culturing at 25° C., colony formation of
transfectants with the conferred G418 resistance was
observed.
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(3) Acquisition and Evaluation of Transfectant
1. A. limacinum Transfectant

Gene introduction was performed by electroporation under
the following conditions

introduced DNA: pUBNeomycin” and ub-Neo”

gene introducing technique: electroporation

cell suspension buffer: 50 mM sucrose

gene introducing apparatus: Gene Pulser (Bio-Rad Labo-

ratories) with a 1-mm gap cuvette

pulse settings: 50 uF/50 €2/0.75 kV, single application

In samples using the linear DNA ub-Neo”, G418-resistant
colonies were observed at the efficiency as high as 2.4x10°
cfu/uq DNA. On the other hand, in samples using the cyclic
DNA pUBNeomycin”, no colony formation was observed,
regardless of multiple introductions.

A comparative examination of introduction efficiency was
made using a gene introducing apparatus. Introduction tests
were conducted using a Microporator MP-100 (AR Brown)
or a Nucleofector™ (amaxa) with the attached condition
search kit. While no single colony was formed with the
Microporator MP-100, the Nucleofector used with the
attached cell suspension buffer Nucleofector R solution L
produced transfectants with good reproducibility at the effi-
ciency as high as 9.5x10° cfu/pg DNA.

Then, pulse settings were examined with the Nucleofec-
torR solution L, using a Gene Pulser (Bio-Rad Laboratories).
It was found as a result that transfectants could be obtained
with good reproducibility at the efficiency as high as 1.2x10*
cfu/ug DNA by double application under the following con-
ditions: capacitance 50 uF, electrical resistance 50Q, and
electric field intensity 0.75 kV. The results are summarized in
Table 2 below.

TABLE 2
Gene Introduction Gene
introducing reagent (cell Pulse introduction
apparatus suspension buffer)  settings efficiency
Gene Pulser 50 mM sucrose 50 pF/50 up to 2.4 x 10°
Q/0.75kV,  cfu/ug DNA
single
application
Microporater Attached buffer Conditions  —
MP-100 specified in
the manual
Nucleofector ™ Attached buffer Conditions  up to 9.5 x 10°
(Necleofector ® specified in  cfu/ug DNA
solution L) the manual
Gene Pulser Necleofector ® 50 pF/50 up to 1.2 x 10!
solution L Q/0.75kV,  cfu/ug DNA
double
application

ii. Evaluation of A. limacinum Transfectant Using G418-
Resistance as Index

The transfectants were cultured in 0.5 mg/ml G418-con-
taining GY liquid medium. The wild-type strain was cultured
in GY liquid medium containing no G418. The culture fluids
of these strains were spotted in 10-ul portions on PDA agar
plate media containing G418 (0, 0.2, 0.5, 1, 2, 4 mg/ml), and
growth on the agar plate media was observed after culturing
the cells at 25° C. for 2 days. It was found as a result that the
proliferation was inhibited at 0.2 mg/ml G418 in the wild-
type strain, whereas the transfectants proliferated even in the
presence of 4 mg/ml G418 (FIG. 13A). Further, there was no
change in G418 resistance, and proliferation was observed
even at a G418 concentration of 32 mg/ml in a similar experi-
ment conducted with PDA agar plate media containing G418
(0,2, 4, 8, 16, 32 mg/ml) after subculturing the transfectants
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five times in a GY liquid medium containing no G418 (FIG.
13B). These results using the G418 resistance as an index
confirmed that the conferred character was stable.

iii. Morphology Comparison of 4. /imacinum Transfectant
and Wild-Type Strain

It was confirmed by microscopy (FIG. 14A) and by con-
focal laser microscope observation after staining the oil glob-
ules in the cells with nile red (FIG. 14B) that there was no
morphological change between the wild-type strain and the
transfectants. Further, 18S rDNA analysis confirmed that the
transfectants were 4. limacinum.

iv. Evaluation of 4. /imacinum Transfectant by PCR Using
Genomic DNA as Template

The transfectants were cultured in 0.5 mg/ml G418-con-
taining GY liquid medium. The wild-type strain was cultured
in GY liquid medium containing no G418. Genomic DNA
was extracted from the cells of each strain by using an
ISOPLANT (nacalai tesque). Using the genomic DNA as a
template, Neo” was amplified by PCR using an LA taq Hot
Start Version (Takara Bio). The oligonucleotide primers
ubproG418fus2F (SEQ ID NO: 45 in the Sequence Listing)/
G418ubtersus3R (SEQ ID NO: 46 in the Sequence Listing)
were used (PCR cycles: 94° C. 2 min/98° C. 10 sec, 68° C. 1
min, 72° C., 30 cycles/4° C.).

As a result, specific Neo” amplification, not found in the
wild-type strain, was observed in the transfectants (FIG. 15).
The result thus suggested that the introduced ub-Neo” was
incorporated in the chromosomal DNA.

v. Evaluation of 4. limacinum Transfectant by Southern Blot-
ting

Genomic DNAs (2 ng) of the 4. limacinum transfectants
and the wild-type strain extracted according to an ordinary
method were digested with various restriction enzymes at 37°
C. for 16 hours, and Southern blotting was performed accord-
ing to the DIG Manual, 8th, Roche, using a DIG-labeled Neo”
as a probe.

As a result, a Neo” band was detected, as shown in FIG.
16A. This suggested that the ub-Neo” by the introduced ubiq-
uitin promoter and terminator had been incorporated in the
chromosomal DNA. Further, the result that the five transfec-
tant bands digested with the same enzyme (Pst]) had different
molecular weights suggested that the introduced DNA frag-
ment was randomly incorporated in the chromosomal DNA
(FIG. 16B).

vi. Evaluation of 4. /imacinum Transfectant by RT-PCR

Total RNA was extracted from the cells of the A. limacinum
transfectants and the wild-type strain using a Sepasol RNA I
super (nacalai tesque). After cleaning the total RNA using an
RNeasy plus mini kit (QIAGEN), a reaction was run at 37° C.
for 1 hour by using a Cloned DNase I (Takara Bio) according
to the attached manual to degrade the contaminated genomic
DNA. This was followed by a reverse transcription reaction
using a PrimeScript Reverse Transcriptase (Takara Bio) to
synthesize ¢cDNA by reverse transcription reaction. The
c¢DNA was used as a template to amplify Neo” by PCR using
an LA taq Hot Start Version (Takara Bio). The oligonucle-
otide primers ubproG418fus2F (SEQ ID NO: 45 in the
Sequence Listing)/G418ubtersus3R (SEQ ID NO: 46 in the
Sequence Listing) were used (PCR cycles: 94° C. 2 min/98°
C. 10 sec, 68° C. 1 min, 72° C., 30 cycles/4° C.).

As aresult, Neo” amplification products were confirmed in
the transfectants (FI1G. 17, lanes 1 to 5). The result that ampli-
fication products were not observed in a PCR using the total
RNA as atemplate (FIG. 17, lanes 8 to 13) suggested that the
products observed in lanes 1 to 5 were not genomic DNA
contamination, but originated in the Neo” mRNA reverse
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transcripts (Neo” cDNA). It was therefore found that the ub-
Neo” incorporated in the chromosomal DNA was subject to
transcription into mRNA.
vii. Acquisition of 7. aureum Transfectant

Two types of DNAs, pUBNeomycin” and ub-Neo”, were
used as the introduced DNAs. After investigating various
conditions, it was found that no transfectants could be
obtained by electroporation. With the gene gun technique,
however, it was possible to acquire transfectants with the
conferred G418 resistance. The gene introduction efficiency
was the highest at a penetration pressure of 1,100 psi, specifi-
cally as high as 1.9x10” cfu/ug DNA in the case of ub-Neo”.
The gene introduction efficiency was as high as 1.4x10"
cfu/ug DNA for the pUBNeomycin”, showing that the intro-
duction efficiency was about 14 times higher in the random
integration introducing the liner DNA than in the introduction
of'the cyclic DNA using the 18S rDNA sequence as ahomolo-
gous recombination site. It was also found that the transfec-
tants maintained the G418 resistance even after being subcul-
tured five times in a GY liquid medium containing no G418.
viii. Morphology Comparison of 7. aureum Transfectant and
Wild-Type Strain

Confocal laser microscope observation after staining the
oil globules of the cells with nile red (FIG. 18) confirmed no
morphological change between the wild-type strain and the
transfectants. Further, 18S rDNA analysis confirmed that the
transfectants were 7. aureum.
ix. Evaluation of 7. aureum Transfectant by PCR Using
Genomic DNA as Template and by Southern Blotting

As with the case of the 4. limacinum transfectants, random
incorporation of ub-Neo” in the chromosomal DNA was con-
firmed by PCR using the genomic DNA as a template (FIG.
19A), and by Southern blotting detecting Neo” (FIG. 19B).
x. Evaluation of 7 aureum Transfectant by RT-PCR

As with the case of the 4. limacinum transfectants, it was
found that the ub-Neo” incorporated in the chromosomal
DNA was subject to transcription into mRNA (FIG. 20).
xi. Acquisition of Thraustochytrium sp. ATCC 26185 Trans-
fectant

A linear Neo” expression cassette adopting EF-1a pro-
moter and terminator (EF-Neo”) was used as the introduced
DNA. After investigating various conditions, transfectants
were obtained by electroporation at a very low gene introduc-
tion efficiency (107! cfu/ug DNA or less). It was also found
that the transfectants maintained the G418 resistance even
after being subcultured five times in a GY liquid medium
containing no G418.
xii. Evaluation of Thraustochytrium sp. ATCC 26185 Trans-
fectant by PCR Using Genomic DNA as Template and by
Southern Blotting

As with the case of the 4. limacinum transfectants, random
incorporation of EF-Neo” into the chromosomal DNA was
confirmed by PCR using the genomic DNA as a template
(FIG. 21A, B), and by Southern blotting detecting Neo” (FIG.
21C). However, a presence of partial defects in the terminator
region was suggested in one of the three transfectants ana-
lyzed (Transtfectant 2; FIG. 21B, lane7).
xiii. Evaluation of Thraustochytrium sp. ATCC 26185 Trans-
fectant by RT-PCR

It was found that the EF-Neo” incorporated in the chromo-
somal DNA was subject to transcription into mRNA (FIG.
22A, B), including the Transfectant 2 in which partial defects
in the terminator region were suggested (FIG. 22, lane 14).
xiv. Acquisition of Schizochytrium sp. AL1 Ac Transfectant

ub-Neo” was used as the introduced DNA. Despite inves-
tigation of various conditions, no transfectants could be
obtained by electroporation. However, with the gene gun
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technique examined under different conditions, it was pos-
sible to obtain transfectants at a penetration pressure of 1,100
psi, even though the gene introduction efficiency was very
low (107! cfu/ug DNA or less). It was also found that the
transfectants maintained the G418 resistance even after being
subcultured five times in a GY liquid medium containing no
G418.

xv. Evaluation of Schizochytrium sp. AL1Ac Transfectant by
PCR Using Genomic DNA as Template

As with the case of the A. limacinum transfectants, incor-
poration of the introduced DNA fragments in the chromo-
somal DNA was strongly suggested by PCR using the
genomic DNA as a template (FIG. 23).

As the results of these gene introduction experiments dem-
onstrate, it became possible to obtain transfectants of all four
strains of Labyrinthula by random integration using the linear
DNA, and electroporation or gene gun technique (Table 3).

TABLE 3

Gene introduction Gene introduction

Tested strain method efficiency

up to 1.2 x 10! cfu/pg
DNA
up to 1.9 x 102 cfu/pg
DNA
up to 10° cfi/ug DNA
up to 10° cfi/ug DNA

A. limacinum mh0186 Electroporation

T aureum Gene gun

Thraustochytrium sp.
Schizochytrium sp. AL1Ac

Electroperation
Gene gun

The G418 resistance of the transfectants was stable, sug-
gesting that the introduced DNA was randomly incorporated
in the chromosomal DNA, as evaluated by PCR using the
genomic DNA as atemplate, or by Southern blotting analysis.

EXAMPLE 6

Expression of Foreign Protein in Aurantiochytrium limaci-
num mh0186 and Thraustochytrium aureum ATCC 34304 by
Transformation
(1) Expression of Aequorea green fluorescent protein (GFP)
i. Incorporation of GFP Gene into mh0186 Genomic DNA

The ubiquitin gene-derived promoter and terminator
regions derived from Thraustochytrium aureum ATCC 34304
(obtained from American type culture collection), and
Enhanced GFP gene (Clontech) were amplified by PCR using
a PrimeSTAR GC polymerase kit (Takara Bio) (PCR cycles:
94° C. 2 min/94° C. 1 min, 62° C. 30 sec, 72° C. 1 min, 30
cycles/4° C.). The promoter region and the GFP gene were
joined by fusion PCR using a PrimeSTAR GC polymerase kit
(Takara Bio) (PCR cycles: 94° C. 2 min/94° C. 1 min, 62° C.
30 sec, 72° C. 2 min, 30 cycles/4° C.). By using this as a
template, the promoter region, the GFP gene, and the termi-
nator region were joined by fusion PCR with a PrimeSTAR
GC polymerase kit (Takara Bio) (PCR cycles: 94° C. 2 min/
94° C. 1 min, 62° C. 30 sec, 72° C. 3 min, 30 cycles/4° C.).
The joined DNA fragment was then incorporated in a
pGEM-T Easy vector (Promega). By using this plasmid as a
template, a Kpnl site was added to the both ends of the GFP
gene cassette by PCR performed with primers Ub-pro-F1
(SEQ ID NO: 48 in the Sequence Listing) and Ub-term-R2
(SEQ ID NO: 49 in the Sequence Listing), using a Prime-
STAR GC polymerase kit (Takara Bio). The resulting cassette
was then incorporated at the Kpnl site (immediately follow-
ing the terminator region) of a pUCI18 vector including an
artificially synthesized neomycin-resistant gene cassette
(ubiquitin gene-derived promoter and terminator regions) to
produce a GFP gene/neomycin-resistant gene expression cas-
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sette. The vector including the GFP gene/neomycin-resistant
gene expression cassette was named pNeoGFP.

The GFP gene/neomycin-resistant gene expression cas-
sette was amplified with primers Ub18Spro-F2 (SEQ ID NO:
50 1in the Sequence Listing) and pUC18-R (SEQ IDNO: 51 in
the Sequence Listing), using a PrimeSTAR GC polymerase
kit (Takara Bio). After purification, the purified DNA frag-
ment (5 pg) was introduced into the mh0186 strain. This was
performed by following the gene introduction procedure in
which cells cultured in a 200-m1 GY liquid medium for 3 days
were suspended in 0.3 M sorbitol (Wako Pure Chemical

5
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resistant gene cassette (ubiquitin gene-derived promoter and
terminator regions) to produce a GFP gene/neomycin-resis-
tant gene expression cassette (FIG. 24). Introducing the GFP
gene/neomycin-resistant gene expression cassette into the 4.
limacinum mh0186 strain and 7. aureum produced transfec-
tants. These transfectants were subjected to a PCR using the
genomic DNA as a template, and the result confirmed that the
GFP gene and the neomycin-resistant gene were successfully
incorporated into the genomic DNA of the GFP gene/neomy-
cin-resistant gene expression cassette transtectants (FI1G. 25).

TABLE 4

Name Sequence Direction
Ubl8Spro-F2 5' - AGAGGAAGGTGAAGTCGTAACAAGGCGTTAGA-3! Forward
(SEQ ID NO: 50)

Ub-pro-F1 5'-TCGGTACCCGTTAGAACGCGTAATACGAC-3! Forward
(SEQ ID NO: 48)

Ub-pro-R1 5'-TCCTCGCCCTTGCTCACCATGTTGGCTAGTGTTGCTTAGGT -3 Reverse
(SEQ ID NO: 102)

Ub-GFP-F 5'-ACCTAAGCAACACTAGCCAACATGGTGAGCAAGGGCGAGGA-3! Forward
(SEQ ID NO: 54)

Ub-GFP-R 5'-AGCACATACTACAGATAGCTTAGTTTTACTTGTACAGCTCGTCCA-3' Reverse
(SEQ ID NO: 55)

Ub-term-F1 5'-TGGACGAGCTGTACAAGTAAAACTAAGCTATCTGTAGTATGTGCT-3 ' Forward
(SEQ ID NO: 103)

Ub-term-R1 5'-ATCTAGAACCGCGTAATACGACTCACTATAGGGAGAC-3! Reverse
(SEQ ID NO: 104)

Ub-term-R2 5'-TCGGTACCACCGCGTAATACGACTCACTATAGGGAGACTGCAGTT-3"' Reverse
(SEQ ID NO: 49)

pUC18-R 5'-AACAGCTATGACCATGATTACGAATTCGAGCTCGG-3"! Reverse
(SEQ ID NO: 51)

Ub-pro-F1 and Ub-term-R2 have KpnI site in the sequence

Industries, [.td.) or in Nucleofector Solution L. (lonza) used as

a final cell suspension, and then subjected to electroporation
35

under 0.75 kV, 502, 50 pF conditions using a GENE
PULSER® 1I (Bio-Rad Laboratories). The DNA fragments
(0.625 ng) purified in a similar fashion were also introduced
into 7. aureum cultured in a 200-ml GY liquid medium for 5
days, by using the gene gun technique with a Standard Pres-
sure Kit (Bio-Rad Laboratories) and a PDS-1000/He system
(Bio-Rad Laboratories). The DNA was introduced by pen-
etrating the cells applied onto a PDA agar plate medium
(containing 2 mg/ml G418), under the following conditions:
0.6-micron gold particles, target distance 6 cm, vacuum 26
mmHg, Rupture disk 1,100 PSI.

For the mh0186 strain, genomic DNA was extracted from
cells cultured in a 100-ml GY liquid medium (containing 0.5
mg/ml G418) for 3 days. In the case of 7. aureum, genomic
DNA was extracted from cells cultured in a 100-m1 GY liquid
medium (containing 2 mg/ml G418) for 7 days. The purity
and the concentration of the extracted genomic DNA were
measured by measuring A260/280 using an Ultrospec 3000
(Amersham Pharmacia Biotech). By using the extracted
genomic DNA as a template, PCR was performed with prim-
ers 3F (SEQ ID NO: 52 in the Sequence Listing), 4R (SEQ ID
NO: 53 in the Sequence Listing), Ub-GFP-F (SEQ ID NO: 54
in the Sequence Listing), and UB-GFP-R (SEQ ID NO: 55 in
the Sequence Listing), using an LA Taq HS polymerase Kit
(Takara Bio) (PCR cycles: 98° C. 2 min/98° C. 20 sec, 60° C.
30 sec, 72° C. 1 min, 30 cycles/4° C.).

Fusion PCR performed with the chimeric primers pre-
sented in Table 4 joined all the GFP gene, ubiquitin gene
promoter region, and ubiquitin gene terminator region. The
resulting fragment was incorporated at the Kpnl site (imme-
diately following the terminator region) of a pUC18 vector
(Takara Bio) including an artificially synthesized neomycin-
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(underlined) .

ii. GFP mRNA Expression

For the mh0186 strain, total RNA was extracted from a
main cell culture incubated in a 100-ml GY liquid medium
(containing 0.5 mg/ml G418) for 3 days. In the case of T
aureum, total RNA was extracted from cells cultured in a
100-ml GY liquid medium (containing 2 mg/ml G418) for 7
days. Sepasol RNAI Super (nacalai tesque) was used for the
extraction. The total RNA was cleaned by using an RNeasy
Mini Kit (QIAGEN). The purity of the total RNA was
increased by a DNase treatment using a Cloned DNasel
(Takara Bio), and the purity and the concentration of the
purified total RNA were measured by measuring A260/280
using an Ultrospec 3000 (Amersham Pharmacia Biotech).
c¢DNA was produced from the purified total RNA using a
PrimeScript™ Reverse Transcriptase (Takara Bio). By using
the cDNA as a template, a PCR was performed with primers
3F (SEQ ID NO: 52 in the Sequence Listing), 4R (SEQ ID
NO: 53 in the Sequence Listing), Ub-GFP-F (SEQ ID NO: 54
in the Sequence Listing), and UB-GFP-R (SEQ ID NO: 55in
the Sequence Listing), using an LA Taq HS polymerase kit
(Takara Bio) (PCR cycles: 98° C. 2 min/98° C. 20 sec, 60° C.
30 sec, 72° C. 1 min, 30 cycles/4° C.).

The result indicated that the incorporated GFP gene and
neomycin-resistant gene were subject to transcription into
mRNA (FIG. 26).

iii. GFP Expression

For the mh0186 strain, cells cultured in a 3-ml GY liquid
medium (containing 0.5 mg/ml G418) for 3 days were har-
vested by centrifugation at room temperature, 3,500xg for 10
min. In the case of 7. aureum, cells (1 ml) cultured in a 100-ml
GY liquid medium (containing 2 mg/ml G418) for 7 days
were harvested by centrifugation performed under the same
conditions. The harvested cells were washed twice with a
500-ul sterilized SEA LIFE, observed under a confocal laser
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microscope (ECLIPSE TE2000-U; Nikon; 40x60 magnifica-
tion, oil-immersion lens, excitation light Ar laser 488 nm),
and imaged by using EZ-C1 software (Nikon).

Confocal laser microscopy showed GFP fluorescence in
the GFP gene/neomycin-resistant gene expression cassette
transfectants, but not in the wild type (FIG. 27).

(2) Pinguiochrysis A12 Desaturase Expression
i. Cloning of A12 Desaturase

Pinguiochrysis pyriformis MBIC 10872 (obtained from
Marine Biotechnology Institute Culture collection) was cul-
tured in ESM medium (produced according to the method
described in the medium list of the NIES collection), and cells
at the late stage of the logarithmic growth phase were har-
vested by centrifugation at 4° C., 6,000xg for 15 min. The
harvested cells were frozen by liquid nitrogen, and total RNA
was extracted by using the phenol/SDS/LiCl technique (1).
Then, poly (A) +RNA was purified from the total RNA, using
a mRNA Purification Kit (GE healthcare Bio-sciences).
Single-stranded cDNA was then produced from the purified
poly (A) +RNA, using a Ready-To-Go T-Primed First-Strand
Kit (GE healthcare Bio-sciences). By using the cDNA as a
template, a PCR was performed with primers F1 (SEQ ID
NO: 56 in the Sequence Listing) and R1 (SEQ ID NO: 57 in
the Sequence Listing) produced based on a known conserved
sequence of A12 desaturase, using an Advantage™ 2 PCR Kit
(Clontech) (PCR cycles: 95° C. 30 sec, 50° C. 30 sec, 68° C.
2 min, 40 cycles/4° C.). The amplified PCR product was
incorporated in a pGEM-T easy vector (Promega), and intro-
duced into competent cells DHSa (Toyobo) by electropora-
tion. By using the extracted transfectant plasmid as a tem-
plate, the base sequence was analyzed by sequencing using a
Dye Terminator Cycle Sequencing Kit (BECKMAN
COULTER). A P, pyriformis, cDNA library was constructed
using a Lambda ¢cDNA Library Construction Kits (Strat-
agene). Screening of positive clones was performed by plaque
hybridization using an ECL Direct Nucleic Acid Labeling
and Detection System (GE healthcare Bio-sciences). As to the
incubation conditions with the probe, the clones were incu-
bated at 42° C. for 3 hours with a labeled probe added inan 8
ng/ml concentration, and washed twice at 55° C. for 10 min
(primary washing with no urea), and twice at room tempera-
ture for 5 min (secondary washing with no urea). As the
probe, a 314-bp cDNA fragment amplified by a PCR with
primers SP1/F (SEQ ID NO: 58 in the Sequence Listing) and
SP1/R (SEQ ID NO: 59 in the Sequence Listing) using an
Advantage™ 2 PCR Kit (Clontech) was used (PCR cycles:
94° C. 3 min/94° C. 30 sec, 56° C. 30 sec, 68° C. 1 min, 35
cycles/4° C.). A plasmid containing the acquired partial
sequence was used as a template in the PCR. After several
screenings, the positive clones were transferred from the A
phage to a pBluescript (Stratagene) using an ExAssist helper
phage (Stratagene).

As aresult, a 515-bp putative A12 desaturase gene partial
sequence was successfully amplified. Screening of positive
clones including the full length of the target gene by plaque
hybridization using the acquired DNA fragment as a probe
successfully isolated seven positive clones from 5.5x10°
clones. Analyses of these sequences suggested that the
acquired gene was a gene containing a 1,314-bp ORF encod-
ing 437 amino acids.

ii. Alignment with A12 Desaturases Derived from Other
Organisms

Multiple alignment analysis was performed for the amino
acid sequences of P. pyriformis-, fungus-, and protozoa-de-
rived A12 desaturases, using ClustalW 1.81 and ESPript 2.2
(http://espript.ibep. fr/ESPript/cgi-bin/ESPript.cgi).
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It was found as a result that the amino acid sequence of the
acquired gene had high homology with the amino acid
sequences of the A12 desaturase genes derived from other
organisms (FIG. 28). Further, the putative amino acid
sequence of the acquired gene conserved three histidine
boxes commonly conserved in desaturase (FIG. 28).

iii. Phylogenetic Analysis

A molecular phylogenetic tree of A12 desaturases and A12/
A15 desaturases, including the P. pyriformis,-derived A12
desaturase, was created by using the maximum-likelihood
method with a MOLPHY version 2.3 computer program
package (Non-Patent Document 13). First, multiple align-
ment was performed with ClustalW 1.81 for all amino acid
sequences. After removing the uncertain portions, a search
for a maximum-likelihood phylogenetic tree was made, using
the phylogenetic tree by the neighbor-joining method (2) as
the initial phylogenetic tree.

As a result, the acquired putative A12 desaturase, and the
A12 desaturases and A12/A15 desaturases derived from other
organisms were classified into three lineage groups: a fungal
& nematode A12 desaturase group, a plant A12 desaturase
group, and a cyanobacterial and chloroplast-localized plant
A12 desaturase group. The acquired putative A12 desaturase
was classified into the fungal & nematode A12 desaturase
group, showing that the Saprolegnia diclina-derived A12
desaturase was the closest relative (FIG. 29).

iv. Expression of A12 Desaturase in Yeast

By using a plasmid containing the full length of the P.
pyriformis-derived A12 desaturase gene as a template, a PCR
was performed with primers Pry-F (SEQ ID NO: 60 in the
Sequence Listing) and Pyr-R (SEQ ID NO: 61 in the
Sequence Listing), using a PrimeSTAR GC polymerase kit
(TakaraBio). The PCR added a HindIII restriction enzyme
site and an Xbal restriction enzyme site at the both ends. The
amplified fragments were incorporated in a pGEM-T-Easy
vector (Promega), and sequence analysis was performed. The
A12 desaturase gene was cut out by HindIIl/Xbal treatment
from a plasmid that did not have amplification error, and
incorporated into a yeast vector pYES2/CT (Invitrogen) sub-
jected to the same restriction enzyme treatment. As a result, a
A12 desaturase gene expression vector pYpAl2Des was con-
structed. The Al2 desaturase gene expression vector
pYpA12Des and the pYES2/CT were introduced into a bud-
ding yeast Saccharomyces cerevisiae by using the lithium
acetate method, according to the methods described in Cur-
rent Protocols in Molecular Biology, Unit 13 (Ausubel et al.,
1994) and in Guide to Yeast Genetics and Molecular Biology
(Gutherie and Fink, 1991), and the yeasts were screened for
transfectants. The transfectants (pYpAl2Des introduced
strain and mock introduced strain) were cultured according to
the method of Qiu et al. (Qiu, X, et al. J. Biol. Chem. (2001)
276,31561-6), and the extraction and methylesterification of
the yeast-derived fatty acids were performed. A gas chro-
matograph GC-2014 (Shimadzu Corporation) was used for
GC analysis, which was performed under the following con-
ditions. Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemi-
cal Industries Ltd.), column temperature: 150° C.—(5°
C./min)—220° C. (10 min), carrier gas: He (1.3 mL/min).
GC-17A and GCMS-QP-5000 (Shimadzu Corporation) were
used for GC-MS analysis, which was performed under the
following conditions. DB-1 capillary column (0.25 mmi.d.x
30 m, film thickness 0.25 um; Agilent), column temperature
160° C.—(4° C./min)—260° C., injector port temperature
250° C. For peaks that caused troubles in the analyses, the
fatty acids were analyzed after picolinyl esterification, using
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the same apparatuses and columns under the temperature
condition 240° C.—(2.5° C./min)—260° C. (15 min)—(2.5°
C./min)—280° C.

In order to verify that the A12 desaturase was encoded by
the acquired gene, an expression vector was constructed, and
an expression experiment was conducted using a budding
yeast S. cerevisiae (Invitrogen) as a host. A GC analysis of the
fatty acid compositions of the pYpA12Des introduced strain
and the pYES2/CT introduced strain confirmed a new peak in
the pYpA12Des introduced strain at a position corresponding
to the retention time of linoleic acid, but not in the mock
control (FIG. 30). A GC-MS analysis of this new peak
revealed that the molecular weight and the fragment pattern
coincide with those of the sample linoleic acid methyl ester
(FIG. 31). The conversion efficiency from oleic acid to
linoleic acid was 23.5£1.23%, as calculated according to the
following equation.

Conversion efficiency (%)=product (%)/(product (% )+
substrate (%))x100

No activity for other fatty acids was observed (Table 5).
TABLE 5
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Kpnl treatment, and incorporated at the Kpnl site of a pUC18
vector (Takara Bio) including an artificially synthesized neo-
mycin-resistant gene cassette (EF1-a gene-derived promoter
region and terminator region are joined at the both ends). The
vector including the A12 desaturase gene/neomycin-resistant
gene expression cassette was named pNeoDesl2. The
sequences of the PCR primers used are presented in Table 6.
The Al12 desaturase gene/neomycin-resistant gene expres-
sion cassette was amplified with primers 2F (SEQ ID NO: 62
inthe Sequence Listing) and pUC18-R (SEQIDNO: 51 inthe
Sequence Listing), using a PrimeSTAR GC polymerase kit,
and purified. After purification, the purified DNA fragment (5
ng) was introduced into the mh0186 strain as in (1)-1.
Nucleofector Solution L. (lonza) was used as a final cell sus-
pension. Genomic DNA was extracted from a main cell cul-
ture incubated in a 100-ml GY liquid medium (containing 0.5
or 2 mg/ml G418) for 3 days, and the purity and the concen-
tration of the extracted genomic DNA were measured by
measuring A260/280 using an Ultrospec 3000 (Amersham
Pharmacia Biotech). By using the extracted genomic DNA as

All foreign substrates were added to make the final concentration 40 pM.
Substrate (%) and product (%) are the percentage with respect to the total

fatty acid (GC peak area). Conversion efficiency (%) = 100 x ([product]/[product +

substrate]). All values are mean values = standard deviation. n = 3

Conversion
Substrate Substrate (%) Product Product (%) efficiency (%)
Mock
18:149% 20.6£1.15  18:24%-12 ND¢ 0
16:14% 47.04 £0.62 16:25%12 ND*® 0
pYpAl2des
14:149 3.99 £0.38  14:28%-12 ND¢
16:14% 458 +0.80 16:28%12 ND*®
18:14% 21.3£0.27 18:28%12 656 +0.49  23.5+123
18:]ansio 7.60 £2.23  18:2ransh9, 12 ND¢
18:249 128 18.5£0.30 18:34% 1215 ND¢
18:346.9. 126 163+1.32 1844691215 ND*®
20:348: 11, 145 18.8 £0.31  20:448 111417 ND*®
20:44% 8, 11, 145 268 £0.75  20:58%8 11,14, 17 ND¢
22:4A7, 10, 13, 165 421 £0.16 22:5A7, 10, 13, 16, 19 ND¢

“Endogenous fatty acid
bExogenous fatty acid
“ND, below detection limit

v. Incorporation of Al12 Desaturase Gene into mh0186
Genomic DNA

First, ubiquitin gene-derived promoter and terminator
regions, and the A12 desaturase gene were amplified by PCR
using a PrimeSTAR GC polymerase kit (Takara Bio) (PCR
cycles: 94° C. 2 min/94° C. 1 min, 62° C. 30 sec, 72° C. 1.5
min, 30 cycles/4° C.) The promoter region and the Al2
desaturase gene were then joined by fusion PCR using a
PrimeSTAR GC polymerase kit (Takara Bio) (PCR cycles:
94° C. 2 min/94° C. 1 min, 62° C. 30 sec, 72° C. 2.5 min, 30
cycles/4° C.). By using this as a template, the promoter
region, the GFP gene, and the terminator region were joined
by fusion PCR using a PrimeSTAR GC polymerase kit
(Takara Bio) (PCR cycles: 94° C. 2 min/94° C. 1 min, 62° C.
30 sec, 72° C. 3 min, 30 cycles/4° C.). The joined DNA
fragment was then incorporated into a pGEM-T Easy vector
(Promega). By using this plasmid as a template, a single-base
mutation was introduced at the Kpnl site in the A12 desatu-
rase gene sequence using a PrimeSTAR MAX DNA poly-
merase (Takara Bio). The joined fragment was cut out by
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a template, a PCR was performed with primers 3F (SEQ ID
NO: 52 in the Sequence Listing), 4R (SEQ ID NO: 53 in the
Sequence Listing), ub pro-D12d-F (SEQ ID NO: 63 in the
Sequence Listing), and ub term-A12d-R (SEQ ID NO: 64 in
the Sequence Listing), using an LA Taq HS polymerase Kit
(Takara Bio) (PCR cycles: 98° C. 2 min/98° C. 20 sec, 60° C.
30 sec, 72° C. 1.5 min, 30 cycles/4° C.).

Fusion PCR using the chimeric primers presented in Table
6 successfully joined all the A12 desaturase gene, ubiquitin
gene promoter region, and ubiquitin gene terminator region.
The joined fragment was incorporated at the Kpnl site of a
pUC18 vector including an artificially synthesized neomy-
cin-resistant gene cassette (EF1-o gene-derived promoter
and terminator regions) to produce a A12 desaturase gene/
neomycin-resistant gene expression cassette (FIG. 32). Intro-
ducing the A12 desaturase gene/neomycin-resistant gene
expression cassette into the mh0186 strain successfully pro-
duced transfectants. These transfectants were subjected to a
PCR using the genomic DNA as a template, and the result
confirmed that the A12 desaturase gene and the neomycin-
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resistant gene were successfully incorporated in the genomic
DNA of the A12 desaturase gene/neomycin-resistant gene
expression cassette transfectants (FIG. 33).

34

Introducing the A12 desaturase gene/neomycin-resistant
gene expression cassette into 7. aureum successfully pro-
duced transfectants. These transfectants were subjected to

TABLE 6
Name Sequence Direction
188 5'-CGAATATTCCTGGTTGATCCTGCCAGTAGT-3" Forward
(SEQ ID NO: 105)
1R 5'-GTAACGGCTTTTTTTGAATTGCAGGTTCACTACGGAAACCTTGTTA-3"' Reverse
(SEQ ID NO: 106)
2F 5'-GGTTTCCGTAGTGAACCTGCAATTCAAAAAAAGCCGTTACTCACAT-3"' Forward
(SEQ ID NO: 32)
3R 5'-AAGGCCGTCCTGTTCAATCATCTAGCCTTCCTTTGCCGCTGCTTGCT-3 " Reverse
(SEQ ID NO: 107)
3F 5'-CAGCGGCAAAGGAAGGCTAGATGATTGAACAGGACGGCCTTCACGC-3' Forward
(SEQ ID NO: 52)
4R 5' -GCGCATAGCCGGCGCGGATCTCAAAAGAACTCGTCCAGGAGGCGGT-3"' Reverse
(SEQ ID NO: 53)
4F 5'-TCCTGGACGAGTTCTTTTGAGATCCGCGCCGGCTATGCGCCCGTGC-3"!' Forward
(SEQ ID NO: 37)
5R 5'-CACTGCAGCGAAAGACGGGCCGTAAGGACG-3" Reverse
(SEQ ID NO: 33)
Ub-pro-F1 5'-TCGGTACCCGTTAGAACGCGTAATACGAC-3! Forward
(SEQ ID NO: 48)
ub-pro-D12d-R 5'-AGGTTTCCTCCACGACCCATGTTGGCTAGTGTTGCTTAGGTCGCT-3! Reverse
(SEQ ID NO: 108)
ub-pro-D12d-F 5'-CCTAAGCAACACTAGCCAACATGGGTCGTGGAGGAAACCTCTCCA-3! Forward
(SEQ ID NO: 63)
ub term-D12d-R 5'-ATACTACAGATAGCTTAGTTTTAGTCGTGCGCCTTGTAGAACACA-3! Reverse
(SEQ ID NO: 64)
ub Dl2d-term-F 5'-TCTACAAGGCGCACGACTAAAACTAAGCTATCTGTAGTATGTGCT-3! Forward
(SEQ ID NO: 109)
Ub-term-R2 5'-TCGGTACCACCGCGTAATACGACTCACTATAGGGAGACTGCAGTT-3! Reverse
(SEQ ID NO: 49)
pUC18-R 5'-AACAGCTATGACCATGATTACGAATTCGAGCTCGG-3" Reverse
(SEQ ID NO: 51)
D12d-F2 5' - CGCGGTGGGCACCGGTGTCTGGGTCATCGC-3 " Forward
(SEQ ID NO: 110)
D12d-R2 5' - ACACCGGTGCCCACCGCECCCTGCCAGAA-3 ! Reverse
(SEQ ID NO: 111)

188 and 5R has Sspl site or Pstl site in the sequence
Ub-pro-F1 and Ub-term-R2 has KpnI site in the sequence

(underlined) .
(underlined) .

Bold italicized letters in the D12d-F2 and D12d-R2 sequences indicate mutated bases.

vi. Incorporation of Al12 Desaturase Gene in 7. aureum 40 PCR using the genomic DNA as a template, and the result

Genomic DNA

The A12 desaturase gene/neomycin-resistant gene expres-
sion cassette was amplified with primers 2F (SEQ ID NO: 62
inthe Sequence Listing) and pUC18-R (SEQID NO: 51 in the
Sequence Listing), using a PrimeSTAR GC polymerase kit,
and purified. After purification, the purified DNA fragment
(0.625 pg) was introduced into cells cultured in a 200-ml GY
liquid medium for 5 days, using the gene gun technique with
a Standard Pressure Kit (Bio-Rad Laboratories) and a PDS-
1000/He system (Bio-Rad Laboratories). The DNA was
introduced by penetrating the cells applied onto a PDA agar
plate medium (containing 2 mg/ml G418), under the follow-
ing conditions: 0.6-micron gold particles, target distance 6
cm, vacuum 26 mmHg, rupture disk 1,100 PSI. Genomic
DNA was extracted from cells cultured in a 100-m1 GY liquid
medium (containing 2 mg/ml G418) for 7 days, and the purity
and the concentration of the extracted genomic DNA were
measured by measuring A260/280 using an Ultrospec 3000
(Amersham Pharmacia Biotech). By using the extracted
genomic DNA as a template, a PCR was performed with
primers 3F (SEQ ID NO: 52 in the Sequence Listing), 4R
(SEQ ID NO: 53 in the Sequence Listing), ub pro-D12d-F
(SEQ ID NO: 63 in the Sequence Listing), and ub term-
D12d-R (SEQ ID NO: 64 in the Sequence Listing), using an
LA Taq HS polymerase Kit (Takara Bio) (PCR cycles: 98° C.
2 min/98° C. 20 sec, 60° C. 30 sec, 72° C. 1.5 min, 30
cycles/4° C.).
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confirmed that the A12 desaturase gene and the neomycin-
resistant gene were successfully introduced into the genomic
DNA of the A12 desaturase gene/neomycin-resistant gene
expression cassette transfectants (FIG. 34).

vii. Expression of A12 Desaturase mRNA in mh0186 Strain

Total RNA was extracted from a main cell culture incu-
bated in a 100-m1 GY liquid medium (containing 0.5 mg/ml
G418) for 3 days, using a Sepasol RNAISuper (nacalai
tesque). The purity of the total RNA was increased by puri-
fication, and cDNA was produced as in Example 1, (1)-2. By
using the cDNA as a template, a PCR was performed with
primers 3F (SEQ ID NO: 52 in the Sequence Listing), 4R
(SEQ ID NO: 53 in the Sequence Listing), ubpro-D12d-F
(SEQ ID NO: 63 in the Sequence Listing), and ub term-
D12d-R (SEQ ID NO: 64 in the Sequence Listing), using an
LA Taq HS polymerase kit (Takara Bio) (PCR cycles: 98° C.
2 min/98° C. 20 sec, 60° C. 30 sec, 72° C. 1.5 min, 30
cycles/4° C.).

The result of the PCR using the cDNA as a template indi-
cated that the incorporated A12 desaturase gene and neomy-
cin-resistant gene were transcribed into mRNA (FIG. 35).
viil. Expression of A12 Desaturase mRNA in 7. aureum

Total RNA was extracted from a main cell culture incu-
bated in a 100-ml GY liquid medium (containing 2 mg/ml
G418) for 7 days, using a Sepasol RNAISuper (nacalai
tesque). The purity of the total RNA was increased by puri-
fication, and cDNA was produced as in Example 1, (1)-2. By
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using the cDNA as a template, a PCR was performed with
primers 3F (SEQ ID NO: 52 in the Sequence Listing), 4R
(SEQ ID NO: 53 in the Sequence Listing), ubpro-D12d-F
(SEQ ID NO: 63 in the Sequence Listing), and ub term-
D12d-R (SEQ ID NO: 64 in the Sequence Listing), using an
LA Taq HS polymerase kit (Takara Bio) (PCR cycles: 98° C.
2 min/98° C. 20 sec, 60° C. 30 sec, 72° C. 1.5 min, 30
cycles/4° C.).

The result of the PCR using the cDNA as a template indi-
cated that the incorporated A12 desaturase gene and neomy-
cin-resistant gene were transcribed into mRNA (FIG. 34).
(3) Expression of Thraustochytrium aureum-Derived AS

Desaturase
i. Cloning of AS Desaturase

Primers 3F (SEQ ID NO: 65 in the Sequence Listing) and
1R (SEQ ID NO: 66 in the Sequence Listing) were produced
in the conserved region present in the sequence of the AS
desaturase of Thraustochytrium sp. ATCC 26185, a closely
related species of Thraustochytrium aureum ATCC 34304.
This was followed by a nested PCR with an Advantage 2 PCR
Kit (Clontech), using a 7. aureum-derived RACE cDNA
library as a template (PCR cycles: 94° C. 30 sec, 50° C. 30
sec, 72° C. 2 min, 30 cycle). As a result, an amplification
product of the target size was obtained with a bracketing
primer set (1R NES: SEQ ID NO: 67 in the Sequence List-
ing).

Analysis of the DNA fragment of the expected size (550
bp) obtained with the bracketing primers revealed that the
DNA fragment was of the 7° aureum A5 desaturase. Accord-
ingly, primers with a 100% match (RACEdSF: SEQ ID NO:
68 in the Sequence Listing, and RACEdSFNES: SEQ ID NO:
69 in the Sequence Listing) were produced from the amplified
fragment, and RACE PCR was performed using an Advan-
tage 2 PCR Kit (PCR cycles: 94° C. 30 sec, 50° C.30 sec, 72°
C. 2 min, 30 cycle). As a result, a 700-bp 3'-end of the A5
desaturase was obtained.

A reverse primer GSP1 (SEQ ID NO: 70 in the Sequence
Listing) was produced from this known sequence, and a 5'
RACE PCR was performed (PCR cycles: 94° C.30sec/72° C.
3 min, 5 cycles, 94° C. 30 sec/70° C. 30 sec/72° C. 3 min, 5
cycles, 94° C. 30 sec/68° C. 30 sec/72° C. 3 min, 20 cycles).
The resulting 5' RACE product was shorter than the expected
size. Thus, instead of the PCR using the cDNA as a template,
a PCR using a genome cassette library (TaKaRa LA PCR in
vitro Cloning Kit) as a template was performed as above
(primer GSP2; SEQ ID NO: 71 in the Sequence Listing). PCR
using a Bglll cassette library as a template produced a
genome sequence about 2.5 kbp upstream of the primer pro-
ducing site.

The upstream sequence obtained by using the genome
walking technique included the start codon for AS desaturase,
and there was no presence of introns in the genome analyzed.
From the sequences obtained by 3'-RACE or 5'-RACE, the
full-length sequence information of A5 desaturase was
acquired. The full-length sequence consisted of 439 amino
acids with a 1,320-bp ORF, and contained a single cyto-
chrome b5 domain (HPGGSI) and three histidine boxes
(HECGH, HSKHH, and QIEHH), highly conserved regions
of A5 desaturase. Based on this information, a PCR was
performed with the primers d5fulllengthF (SEQID NO: 72 in
the Sequence Listing) and d5fulllengthR (SEQ ID NO: 73 in
the Sequence Listing) produced at the ORF ends, using the
c¢DNA as a template (PCR cycles: 94° C. for 30 s, 60° C. for
30s,and 72° C. for 2 min, 30 cycles). As aresult, a full-length
T aureum-derived A5 desaturase was isolated.
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ii. Alignment with A5 Desaturases Derived from Other
Organisms

Multiple alignment was performed with ClustalX-1.83.1,
using the amino acid sequence of 7. aureum-derived AS
desaturase, and the amino acid sequences of AS desaturases
derived from Thraustochytrium sp. ATCC 26185, Dictyoste-
lium discoideum, Rattus norvegicus, Mus musculus, Homo
sapiens, Caenorhabditis elegans, and Leishmania major

(FIG. 35).

The result showed that the 7. qureum-derived AS desatu-
rase at the amino acid level had significant homology with the
A5 desaturase genes derived from other organisms (D. dis-
coideum: 34%, R. norvegicus: 28%, M. musculus: 28%, H.
sapiens: 26%). The homology was particularly high (57%)
with the Thraustochytrium sp. belonging to the same genus.
iii. Phylogenetic Analysis

A molecular phylogenetic tree of all desaturase genes,
including the 7. aureum-derived AS desaturase, was created
by using the maximum-likelihood method with molphy. First,
the all sequences were prepared into Fasta format, and mul-
tiple alignment was performed using clustalW. After remov-
ing the uncertain portions, a search was made for a maximum-
likelihood phylogenetic tree, using the phylogenetic tree by
the neighbor-joining method as the initial phylogenetic tree.

It was found as a result that the acquired gene was close to
the protozoa-derived desaturase group, and classified into the
same lineage group to which the AS desaturases derived from
Thraustochytrium sp. ATCC 26185 and L. major belong
(FIG. 36).

iv. Expression of AS Desaturase in Yeast

In order to verify that the acquired gene was AS desaturase,
overexpression experiment was conducted using a budding
yeast S. cerevisiae as a host. First, the acquired gene was
incorporated at the EcoR1l/Xhol site of a yeast vector pYES2/
CT (Invitrogen) to construct an expression vector pYASdes.
The constructed expression vector pYSAdes was then intro-
ducedinto S. cerevisiae,and GC analysis was performed after
extracting and methylating the transfectant fatty acids
obtained by using the lithium acetate technique. A gas chro-
matograph GC-2014 (Shimadzu Corporation) was used for
the GC analysis, which was performed under the following
conditions. Column: HR-SS-10 (30 mx0.25 mm; Shinwa
Chemical Industries [td.), column temperature: 150° C.—(5°
C./min)—220° C. (10 min), carrier gas: He (1.3 mL/min).
GC-17A and GCMS-QP-5000 (Shimadzu Corporation) were
used for GC-MS analysis, which was performed using a DB-1
capillary column (0.25 mmi.d.x30 m, film thickness 0.25 um;
Agilent) under the following conditions: column temperature
160° C.—(4° C./min)—260° C., injector port temperature
250° C. For peaks that caused troubles in the analyses, the
fatty acids were analyzed after picolinyl esterification, using
the same apparatuses and columns under the temperature
condition 240° C.—(2.5° C./min)—>260° C. (15 min)—(2.5°
C./min)—280° C.

As a result, eicosatetraenoic acid (ETA; C20:4 A8, 11, 14,
17), and dihomo-y-linoleic acid (DGLA; C20:3 A8, 11, 14)—
known precursor substances of AS desaturase—were con-
verted into EPA and arachidonic acid (AA; C20:4 n-6),
respectively. Conversion efficiencies were 32% and 27%,
respectively. No specificity for other substrates was observed.
GC-MS confirmed a match in the structures of the conversion
products EPA and AA (FIG. 37a to ¢, Table 7)



US 9,150,891 B2

37
TABLE 7

Percentage of
substrate

Fatty acid substrates converted (%)

C18:3n - 3 (-Linolenic acid (ALA) 0.0
C18:2n - 6 Linoleic acid (LA) 0.0
C20:4n - 3 Eicosatetraenoic acid (ETA) 32.0
C20:3n - 6 Dihomo-g-linolenic acid (DGLA) 27.0
C20:3n - 3 Eicosatrienoic acid 0.0
C20:2n - 6 Eicosadienoic acid 0.0
C22:5n - 3 Docosapentaenoic acid (DPA) 0.0
C22:4n - 6 Docosatetraenoic acid (DTA) 0.0

Conversion rate = (product x 100)/(substrate + product)

v. Incorporation of A5 Desaturase Gene into mh0186
Genomic DNA

T aureum ATCC 34304-derived ubiquitin gene promoter/
terminator were isolated to construct an expression vector. To
begin with, the ubiquitin gene was isolated by using the
RACE method, as follows. First, a 3' fragment of the ubiquitin
gene was amplified by PCR with a degenerate primer 2F
(SEQ ID NO: 74 in the Sequence Listing), using the cDNA as
a template.

Next, a 5' RACE System for Rapid Amplification of cDNA
Ends, version 2.0 (invitrogen) was used to produce a reverse-
transcription primer 1R (SEQ ID NO: 17 in the Sequence
Listing) and a 5' RACE primer (SEQ ID NO: 75 in the
Sequence Listing), and the kit was operated to obtain a 5'
RACE product.

Based on the ORF sequence of the ubiquitin gene, primers
REVERS-U PR-1 (SEQ ID NO: 22 in the Sequence Listing)
and REVERS-U PR-2 (SEQ ID NO: 23 in the Sequence
Listing) were produced, and a PCR was performed by using
the genome walking technique (PCR cycles: 98° C. 30 sec/
60° C. 30 sec/72° C. 2 min, 30 cycles). As a result, a 812-bp
promoter region was isolated by PCR using a Sall cassette
library as a template.

Next, the terminator was isolated using the same method,
and a 612-bp DNA fragment was obtained.

Note that the PCR used the primer ubqterminalfl (SEQ ID
NO: 24 in the Sequence Listing) in the 1st PCR, and the
primer ter2F (SEQ ID NO: 25 in the Sequence Listing) in the
2nd PCR, and was performed ina PCR cycle consisting 0of 94°
C.305sec/60° C.30sec/72° C.3 min, 30 cycles. The amplified
fragments were joined by fusion PCR, and incorporated in
pUC18 to produce a cyclic vector as shown in FIG. 38a. The
introduced gene fragments shown in FIG. 386 were then
prepared by PCR.

Next, a gene introduction experiment was conducted using
Aurantiochytrium sp. mh0186. First, single colonies of the
Aurantiochytrium sp. mh0186 strain were cultured in GY
medium at 25° C. until the logarithmic growth phase, and the
supernatant was removed by centrifugation at 3,500xg, 4° C.
for 15 min. Cells (5x10°) were suspended in a Nucleofector
kit L. (amaxa), and pulsated twice with the introduced DNA
under 0.75 kV, 50 Q, 50 uF conditions using a Bio Rad Gene
Pulser II (Bio-Rad Laboratories). After quickly adding PD
liquid medium (1 ml), a shake culture was performed over-
night at 25° C. The cells were then inoculated in a PDA agar
plate medium containing 0.5 mg/ml G418, and cultured 3 to
4 days to obtain transfectants.

Then, in order to confirm incorporation of the introduced
gene in the genomic DNA of transfectant, a PCR was per-
formed using genomic DNA as a template, using AS desatu-
rase amplification primers d5fulllengthF (SEQ ID NO: 72 in
the Sequence Listing) d5fulllengthR (SEQ ID NO: 73 in the
Sequence Listing), and neomycin-resistant gene amplifica-
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tion primers FU2FA (SEQ ID NO: 76 in the Sequence List-
ing) and FU2RA (SEQ ID NO: 77 in the Sequence Listing)
(PCR program: 98° C. 10 sec/98° C. 10 sec/60° C. 30 sec/72°
C. 1.5 min, 30 cycles).

The result confirmed amplification of the introduced gene,
and incorporation in the genome (FIG. 39).

vi. Expression of A45 Desaturase mRNA

The Aurantiochytrium sp. mh0186 transfectants were cul-
tured, and RNA extraction was performed according to the
protocol attached to the kit (Sepasol RNA I super; nacalai
tesque). First, the total RNA obtained from each clone was
reverse transcribed to synthesize cDNA, using a PrimeScript
Reverse Transcriptase (TakaraBio). Then, a PCR was per-
formed under the following conditions, using the cDNA as a
template (PCR cycles: 98° C. 10 sec/55° C.30sec/72°C. 1.5
min, 30 cycles).

As a result, amplification of each target gene was con-
firmed (FIG. 40). The result thus confirmed expression of the
introduced gene in the transfectants through transcription into
mRNA.

EXAMPLE 7

Modification of Aurantiochytrium limacinum
mh0186 Fatty Acid Composition by Transformation

(1) Modification of Fatty Acid Composition by Expression of

Pinguiochrysis-Derived A12 Desaturase

The transformed clone obtained in Example 6, (2), v. was
cultured for 2 days in a 10-ml GY liquid medium (containing
0.5 mg/ml G418), and for an additional day after adding oleic
acid to make the final concentration 50 uM. After culturing,
the fatty acid composition was analyzed by GC and GC-MS
analyses as in Example 6, (2), iv. A gas chromatograph
GC-2014 (Shimadzu Corporation) was used for the GC
analysis, which was performed under the following condi-
tions. Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [td.), column temperature: 150° C.—(5° C./
min)—220° C. (10 min), carrier gas: He (1.3 ml/min).
GC-17A and GCMS-QP-5000 (Shimadzu Corporation) were
used for the GC-MS analysis, which was performed using a
DB-1 capillary column (0.25 mmi.d.x30 m, film thickness
0.25 um; Agilent) under the following conditions: column
temperature 160° C.—(4° C./min)—260° C., injector port
temperature 250° C. For peaks that caused troubles in the
analyses, the fatty acids were analyzed after picolinyl esteri-
fication, using the same apparatuses and columns under the
temperature condition 240° C.—(2.5° C./min)—260° C. (15
min)—>(2.5° C./min)—280° C. A transfectant produced by
introducing only the neomycin-resistant gene cassette was
used as a control.

The GC analysis of the fatty acid compositions of the
transfectants confirmed a new peak in the A12 desaturase
gene/neomycin-resistant gene expression cassette-intro-
duced strain, but not in the control strain, at a position corre-
sponding to the retention time of linoleic acid (FIG. 41). The
GC-MS analysis of the new peak revealed that the molecular
weight and fragment pattern coincide with those of the
sample linoleic acid methyl ester (FIG. 42). The conversion
efficiency from oleic acid to linoleic acid was 30.1£6.64%,
and there was no effect on other fatty acid compositions (FIG.
43).

(2) Changes in Fatty Acids by Expression of Thraus-
tochytrium aureum-Derived AS Desaturase

The transformed clone obtained in Example 6, (3), v. was
cultured for 3 days, and mhneo” and mhASneo” were analyzed
by GC analysis after extracting the fatty acid methyl ester.
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Separately, 0.1 mM ETA or DGLA, exogenous fatty acids
used as a substrate by AS desaturase, was added to medium for
incorporation into Labyrinthula, and GC analysis was per-
formed after extracting the fatty acids as in the overexpression
experiment using yeast. A gas chromatograph GC-2014 (Shi-
madzu Corporation) was used for the GC analysis, which was
performed under the following conditions. Column: HR-SS-
10 (30 mx0.25 mm; Shinwa Chemical Industries Ltd.), col-
umn temperature: 150° C.—(5° C./min)—220° C. (10 min),
carrier gas: He (1.3 mL/min).

It was found that the endogenous ETA in the Aurantio-
chytrium sp. mh0186 strain was converted by the action of the
introduced A5 desaturase, and that the EPA content was
higher than in mhneo” by a factor of about 1.4 (FIG. 44, Table
8). ETA or DGLA used as a substrate by A5 desaturase was
also added to medium at 0.1 mM for incorporation into Laby-
rinthula. As a result, the precursor substances converted into
EPA and AA in Labyrinthula, and the content increased, as
observed in the A5 desaturase expression experiment using
yeast (Tables 9 and 10). The conversion efficiencies of the
precursor substances in Labyrinthula were higher than in
yeast, 75.2% and 62.9% for ETA and DGLA, respectively.
This experiment was repeated in three or more confirmatory
experiments to confirm reproducibility. All experiments pro-
duced the same results.

TABLE 8
mhneor (%) mhASneor (%)
C14:0 2.23 £0.05 2.32£0.03
C15:0 2.43 £0.62 2.97 £0.96
C16:0 55.2+1.83 52.1£3.15
C17:0 0.97 £0.22 1.19+0.42
C18:0 1.54 £ 0.03 1.39+0.13
DGLA ND ND
AA 0.18 £0.04 0.21 £0.02
ETA 0.32 £0.02 0.04 £0.04
EPA 0.65 £0.04 0.94 £0.13
DPA 5.17 £0.05 5.61=1
DHA 31.3£0.93 33.2£244
TABLE 9
mhneor + DGLA (%) mhASneor + DGLA (%)
C14:0 2.22+£0.06 2.28 £0.16
C15:0 2.53 £0.63 2.96 £0.79
C16:0 53.5+2.36 52341
C17:0 0.99 +0.21 1.19 041
C18:0 1.56 £ 0.03 142 +0.13
DGLA* 3.92+021 1.09 0.7
AA 0.14 £ 0.01 1.85+0.24
ETA 0.39 £ 0.04 0.08 £0.05
EPA 0.6 +0.04 1.15+0.29
DPA 492011 5.44 £0.89
DHA 29.3+1.32 30.5+£1.94
TABLE 10
mhneor + ETA (%) mhASneor + ETA (%)
C14:0 2.26+0.1 2.43 £0.07
C15:0 2.48 £ 0.64 3.04£091
C16:0 54.6 £1.56 51.8 £3.56
C17:0 0.96 +0.23 1.17 2041
C18:0 1.56 £0.02 1.4 +0.13
DGLA ND ND
AA 0.15 £0.02 0.22 £0.02
ETA* 3.27 £0.44 0.94 £0.5
EPA 0.62 +0.03 2.85£0.35
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TABLE 10-continued
mhneor + ETA (%) mhASneor + ETA (%)
DPA 4.92 £0.06 5.35£0.97
DHA 29.2£0.53 30.8£2.52
EXAMPLE 8

Labyrinthula Gene Introduction Experiment 2

Gene introduction experiments were conducted using
Schizochytrium aggregatum ATCC 28209, Ulkenia sp. ATCC
28207, Schizochytrium sp. SEK210 (NBRC 102615),
Schizochytrium sp. SEK345 (NBRC 102616), Botry-
ochytrium radiatum SEK353 (NBRC 104107), and Pariet-
ichytrium sarkarianum SEK364.

(1) Determination of MIC in Agar Plate Culture

Precultures (5 ul) of the six Labyrinthulomycetes strains
were dropped onto PDA agar plate media containing various
concentrations of G418. After culturing the cells at 28° C. for
7 days, colony formation was observed. In consideration of
the results of the antibiotic sensitivity test and the selection
marker genes used for the eukaryotes transformation system,
(G418 was found to be effective for the selection marker genes
usable in the Labyrinthulomycetes transformation system.
(2) Isolation of 7. aureum-Derived Ubiquitin Gene and Gene

Expression Regulatory Region

Isolation of the T aureum-derived ubiquitin gene and the
gene expression regulatory region was performed in the same
manner as in Example 3.

(3) Production of Drug-Resistant Gene Expression Cassette

The drug-resistant gene expression cassette was produced
in the same manner as in Example 4.

(4) Gene Introduction Experiment

A gene introduction experiment was conducted using a
linear Neo” expression cassette (ub-Neo”) adopting the ubig-
uitin promoter and terminator. The cassette was produced by
performing a PCR with an oligonucleotide primer set NeoF
(SEQ ID NO: 78 in the Sequence Listing)/NeoR (SEQ ID
NO: 79 in the Sequence Listing), using an [LA taq Hot Start
Version (Takara Bio), and the pUBNeomycin r obtained in
Example 4-ii. as a template, and the resulting amplification
product was gel purified.

The gene introduction experiment was performed by elec-
troporation. Specifically, Labyrinthulomycetes were cultured
in a GY liquid medium or H liquid medium to the early to late
stage of the logarithmic growth phase at 28° C., 150 rpm, and
the supernatant was removed by centrifugation at 3,500xg, 4°
C. for 10 min. The resulting cells were suspended in sterilized
1.75% Sea Life (Marine Tech), and washed by recentrifuga-
tion. The cells (5x10°) were then suspended with the intro-
duced DNA ub-Neo” in a reagent NucleofectorR solution L.
for gene introduction (amaxa). This was followed by appli-
cation of electrical pulses using a Gene Pulser (Bio-Rad
Laboratories; 1-mm gap cuvette; pulse settings: 50 uF/50
/0.75 kV, applied twice). After applying electrical pulses,
GY liquid medium (1 ml) was immediately added, and the
cells were cultured at 28° C. for 12 hours. The culture fluid
was then applied to a PDA agar plate medium containing 2.0
mg/ml G418 (Ulkenia sp. ATCC 28207, Schizochytrium sp.
SEK210, and Parietichytrium sarkarianum SEK364), or 1.0
mg/ml G418  (Botryochytrium  radiatum  SEK353,
Schizochytrium  aggregatum  ATCC 28209, and
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Schizochytrium sp. SEK345). After static culturing at 28° C.,
colony formation of transfectants with the conferred G418
resistance was observed.

As a result, colonies with the conferred G418 resistance
were observed for the linear DNA ub-Neo” at the efficiency as
high as 1.6x10° cfu/ug DNA. It was found that the transfec-
tants maintained the G418 resistance even after being subcul-
tured five times in a GY liquid medium containing no G418.
The result using G418 resistance as an index thus confirmed
that the conferred character was stable.

(5) Evaluation of Transfectant by PCR Using Genomic DNA
as Template

The transfectants were cultured in GY liquid media con-
taining 1.0 and 2.0 mg/ml G418. The wild-type strain was
cultured in a GY liquid medium containing no G418.
Genomic DNA was extracted from the cells of these strains
using an ISOPLANT (nacalai tesque). Neo” was then ampli-
fied by PCR using a KOD FX (Toyobo life science), using the
genomic DNA as a template. Oligonucleotide primers NeoF
(SEQ ID NO: 78 in the Sequence Listing)/NeoR (SEQ ID
NO: 79 in the Sequence Listing) were used (PCR cycles: 94°
C. 2 min/98° C. 10 sec, 68° C. 30 sec, 72° C. 2 min, 30
cycles/4° C.). As a result, specific Neo” amplification, not
found in the wild-type strain, was observed in the transfec-
tants (FIG. 45). The result thus suggested that the introduced
ub-Neo” was incorporated in the chromosomal DNA.

Example 9

Expression of w3 Desaturase Gene in
Thraustochytrium aureum

Example 9-1
Subcloning of SV40 Terminator Sequence

An SV40 terminator sequence was amplified with Prime-
STAR polymerase (Takara Bio), using a pcDNA 3.1 Myc-His
vector as a template. The following PCR primers were used.
RHOS58 was set on the SV40 terminator sequence, and
included BglIl and BamHI linker sequences. RHOS52 was set
on the SV40 terminator sequence, and included a Bglll
sequence. [RHOS58: 34 mer: 5-CAGATCTGGATCCGC
GAA ATG ACC GAC CAA GCG A-3' (SEQ ID NO: 80),
RHOS52: 24 mer: 5-ACG CAA TTA ATG TGAGATCTA
GCT-3' (SEQ ID NO: 81)]. After amplification performed
under the conditions below, the product was cloned into a
pGEM-T easy vector (Promega). [PCR cycles: 98° C. 2 min/
98°C.30sec, 60° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 1
min]. After amplification with Escherichia coli, the sequence
was confirmed by using a Dye Terminator Cycle Sequencing
Kit. This was named pRH27.

The plasmid (pRH27) containing the subcloned SV40 ter-
minator sequence (342 bp, SEQ ID NO: 82) is shown in FIG.
46.

Example 9-2
Production of Blasticidin Resistant Gene Cassette

A ubiquitin promoter sequence (618 bp, SEQ ID NO: 83)
was amplified from Thraustochytrium aureum ATCC 34304
with a PrimeSTAR GC polymerase, using genomic DNA as a
template. The following PCR primers were used. RHOS53 was
set on the ubiquitin promoter sequence, and included a Bglll
linker sequence. RHO48 included a ubiquitin promoter
sequence and a blasticidin resistant gene sequence. [RHOS53:
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36 mer: 5'-CCC AGATCT GCC GCA GCG CCT GGT GCA
CCC GCC GGG-3' (SEQ ID NO: 84), RHO48: 58 mer:
5'-CTT CTT GAG ACA AAG GCT TGG CCA TGT TGG
CTA GTG TTG CTT AGG TCG CTT GCT GCT G-3' (SEQ
ID NO: 85)]. [PCR cycles: 98° C. 2 min/98° C. 10 sec, 68° C.
1 min, 30 cycles/68° C. 1 min].

The blasticidin resistant gene (432 bp, SEQ ID NO: 86)
was amplified with a PrimeSTAR GC polymerase, using
pTracer-CMV/Bsd/lacZ as a template. The following PCR
primers were used. RHO47 included a ubiquitin promoter
sequence and a blasticidin resistant gene sequence. RHO49
included a blasticidin resistant gene sequence, and had a BglII
linker sequence. [RHO47: 54 mer: 5'-AGC GAC CTA AGC
AAC ACT AGC CAA CAT GGC CAA GCCTTTGTCTCA
AGA AGA ATC-3' (SEQ ID NO: 87), RHO49: 38 mer:
5'-CCC AGATCT TAG CCC TCC CAC ACA TAA CCA
GAG GGC AG-3' (SEQ ID NO: 88)]. [PCR cycles: 98° C. 2
min/98° C. 10 sec, 68° C. 1 min, 30 cycles/68° C. 1 min].

Fusion PCR was performed with RHO53 (SEQ ID NO: 85)
and RHO49 (SEQ ID NO: 88), using SEQ ID NOS: 83 and 86
as templates. LA taq Hot start version was used as the
enzyme, and the amplification was performed under the fol-
lowing conditions. [PCR cycles: 94° C. 2 min/94° C. 20 sec,
55°C.30sec, 68° C. 1 min, 30 cycles/68° C. 1 min; 1° C./10
sec from 55° C. to 68° C.] (FIG. 47).

The Thraustochytrium aureum ATCC 34304-derived ubiqg-
uitin promoter-pTracer-CMV/Bsd/lacZ-derived blasticidin
resistant gene (1,000 bp, SEQ ID NO: 89) fused as above was
digested with BgllIl, and ligated at the BamHI site of pRH27
(FIG. 46) described in Example 9-1. The resulting plasmid
was amplified with Escherichia coli, and the sequence was
confirmed by using a Dye Terminator Cycle Sequencing Kit.
This was named pRH38.

The product blasticidin resistant gene cassette (pRH38) is
shown in FIG. 48.

Example 9-3

Cloning of Saprolegnia diclina-Derived w3
Desaturase Gene, and Production of Gene
Expression Plasmid

A ubiquitin promoter sequence (longer) (812 bp, SEQ ID
NO: 90) was amplified from with an LA taq GC 1II poly-
merase, using genomic DNA of Thraustochytrium aureum
ATCC 34304 as a template. The following PCR primers were
used. TMO42 was set on the ubiquitin promoter sequence,
upstream of RHOS53 (Example 9-2, SEQ ID NO: 84), and
included a Kpnl linker sequence. TMO43 included a ubig-
uitin promoter sequence and a Saprolegnia diclina-derived
w3 desaturase gene sequence. [TMO42: 29 mer: 5'-TC
GGTACCC GTT AGA ACG CGT AAT ACG AC-3' (SEQID
NO: 91), TMO43: 45 mer: 5'-TTC GTCTTATCC TCAGTC
ATGTTG GCTAGT GTT GCT TAG GTC GCT-3' (SEQ ID
NO: 92)]. [PCR cycles: 96° C. 2 min/98° C. 20 sec, 60° C. 30
sec, 72° C. 1 min, 30 cycles/72° C. 1 min].

The Saprolegnia diclina was then cultured in a medium
containing D-glucose (31.8 g) and a yeast extract (10.6 g) per
liter (adjusted with deionized water). Cells in the late stage of
the logarithmic growth phase were centrifuged at 4° C.,
3,500xg for 5 min to prepare pellets, and freeze disrupted
with liquid nitrogen. The disrupted cell solution was
extracted with phenol. After ethanol precipitation, the pre-
cipitate was dissolved in TE solution. The nucleic acids dis-
solved in the TE solution were treated with RNase at 37° C.
for 30 min to degrade RNA, and extracted again with phenol.
After ethanol precipitation, the precipitate was dissolved in
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TE solution. The DNA purity and concentration were calcu-
lated by measuring A260/280. The Saprolegnia diclina-de-
rived w3 desaturase gene sequence (1,116 bp, SEQ ID NO:
93) was amplified with an LA taq GC Il polymerase, using the
genomic DNA of the Saprolegnia diclina as a template. The
following PCR primers were used. TMO44 included a ubig-
uitin promoter sequence and a Saprolegnia diclina-derived
w3 desaturase gene sequence. TMO45 included a Saproleg-
nia diclina-derived m3 desaturase gene sequence and a ubig-
uitin terminator. [TMO44: 43 mer: 5'-CCT AAG CAA CAC
TAG CCA ACA TGA CTG AGG ATA AGA CGA AGG T-3'
(SEQ ID NO: 94), TMO45: 40 mer: 5'-ATA CTA CAG ATA
GCT TAG TTT TAG TCC GAC TTG GCC TTG G-3' (SEQ
ID NO: 95)]. [PCR cycles: 96° C. 2 min/98° C. 20 sec, 60° C.
30 sec, 72° C. 1 min 30 sec, 30 cycles/72° C. 1 min 30 sec].

The ubiquitin terminator sequence (614 bp, SEQ ID NO:
96) was amplified with an LA taq GC Il polymerase, using the
genomic DNA of Thraustochytrium aureum ATCC 34304 as
a template. The following PCR primers were used. TMO46
included a Saprolegnia diclina-derived w3 desaturase gene
sequence and a ubiquitin terminator. TMO47 was designed
on the ubiquitin terminator sequence, and included a Kpnl
linker sequence. [TMO46: 44 mer: 5'-CCA AGG CCA AGT
CGGACTAAAACT AAG CTA TCT GTA GTA TGT GC-3'
(SEQ ID NO: 97), TMOA47: 45 mer: 5'-TCGGTACCA CCG
CGT AAT ACG ACT CAC TAT AGG GAG ACT GCA GTT-
3' (SEQ ID NO: 98)]. [PCR cycles: 96° C. 2 min/98° C. 20
sec, 60° C. 30 sec, 72° C. 1 min, 30 cycles/72° C. 1 min].

Fusion PCR was performed with TMO42 (SEQIDNO: 91)
and TMO47 (SEQ ID NO: 98), using SEQ ID NOS: 90, 93,
and 96 as templates. [LA taq GC Il polymerase was used as the
enzyme, and the amplification was performed under the fol-
lowing conditions. [PCR cycles: 96° C. 2 min/98° C. 20 sec,
55°C.30sec, 68° C. 3 min, 30 cycles/68° C. 3 min; 1° C./10
sec from 55° C. to 68° C.] (FIG. 49, 2,463 bp, SEQ ID NO:
99).

A PCR was performed with RHO84 (SEQ ID NO: 100,
presented below) and RHOS52 (Example 9-1, SEQ ID NO:
101), using the pRH38 (FIG. 48) described in Example 9-2 as
atemplate. RHO84 was set on the ubiquitin promoter, and had
a Kpnl linker sequence. RHOS2 was set on the SV40 termi-
nator sequence, and had a Bglll linker. LA taq Hot start
version was used as the enzyme, and the amplification was
performed under the following conditions, and cloned into a
pGEM-T easy vector. [RHO84: 36 mer: 5'-CCC GGTACC
GCC GCA GCG CCT GGT GCA CCC GCC GGG-3' (SEQ
1D NO: 100)]. [PCR cycles: 98° C. 2 min/98° C. 10 sec, 68°
C. 1 min 30 sec, 30 cycles/68° C. 3 min]. After amplification
with Escherichia coli, the sequence was confirmed by using a
Dye Terminator Cycle Sequencing Kit. This was named
pRHA45 (FIG. 50).

The fused Thraustochytrium aureum ATCC 34304-derived
ubiquitin promoter-Saprolegnia diclina-derived w3 desatu-
rase gene-Thraustochytrium aureum ATCC 34304-derived
ubiquitin terminator (SEQ ID NO: 99; FIG. 49) was digested
with Kpnl, and ligated at the Kpnl site of the pRH45 (FIG.
50). The resulting plasmid was amplified with Escherichia
coli, and the sequence was confirmed by using a Dye Termi-
nator Cycle Sequencing Kit. This was named pRH48.

The product Saprolegnia diclina-derived w3 desaturase
gene expression plasmid (pRH48) is shown in FIG. 51.
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Example 9-4

Introduction of Saprolegnia diclina-Derived w3 Desatu-
rase Expression Plasmid into Thraustochytrium aureum

DNA was amplified using a Prime STAR Max polymerase
with primers TMO42 (Example 9-3, SEQ ID NO: 91) and
RHO52 (Example 9-1, SEQ ID NO: 81), using the targeting
vector produced in Example 9-3 as a template. [PCR cycles:
94° C.30sec, 72° C. 1 min, 5 cycles/94° C. 30 sec, 70° C. 30
sec, 72° C. 1 min, 5 cycles/94° C.30sec, 68° C.30sec, 72° C.
1 min, 25 cycles/72° C. 2 min]. The amplification product was
collected from 1.0% agarose gel, and, after ethanol precipi-
tation, the precipitate was dissolved in 0.1xTE. The DNA
concentration was calculated by measuring A260/280. The
fragment amplified by PCR was 3,777 bp, and contained the
ubiquitin promoter-w3 desaturase gene-ubiquitin terminator-
ubiquitin promoter-blasticidin resistant gene sequence- and
SV40 terminator sequence in this order (SEQ ID NO: 101).

Thraustochytrium aureum was cultured in a GY medium
for 4 days, and cells in the logarithmic growth phase were
used for gene introduction. A DNA fragment (0.625 pg) was
introduced into cells corresponding to ODg,,=1 to 1.5, using
the gene gun technique (microcarrier: 0.6-micron gold par-
ticles, target distance: 6 cm, chamber vacuum: 26 mmHg,
rupture disk: 1,100 PSI). After a 4- to 6-hour recovery time,
the gene introduced cells were applied onto a 0.2 mg/ml
blasticidin-containing PDA agar plate medium.

Twenty to thirty drug-resistant strains were obtained per
penetration.

Example 9-5

Acquisition of Saprolegnia diclina-Derived w3
Desaturase Gene Expressing Strain

Genomic DNA was extracted from the w3 desaturase gene
expressing strain obtained in Example 9-4, and the DNA
concentration was calculated by measuring A260/280. By
using this as a template, a PCR was performed to confirm the
genome structure, using an LA taq Hot start version. The
positions of the primers, combinations used for the amplifi-
cation, and the expected size of the amplification product are
shown in FIG. 52. TMO42 (Example 9-3, SEQ ID NO: 91)
was set on the ubiquitin promoter, and RHO49 (Example 9-2,
SEQ ID NO: 88) on the blasticidin resistant gene. [PCR
cycles: 98° C.2min/98° C. 10sec, 68° C. 4 min, 30 cycles/68°
C. 7 min].

Theresult of amplification confirmed a band of'an expected
size (FIG. 53). That is, a strain was isolated that contained the
introduced expression fragment stably introduced into its
genome.

Example 9-6

Changes in Fatty Acid Composition by Expression
of w3 Desaturase in Thraustochytrium aureum

The Thraustochytrium aureum, and the w3 desaturase
expressing strain obtained in Example 9-5 were cultured.
After freeze drying, the fatty acids were subjected to methy-
lesterification, and analyzed by GC analysis. A gas chromato-
graph GC-2014 (Shimadzu Corporation) was used for the GC
analysis, which was performed under the following condi-
tions. Column: HR-SS-10 (30 mx0.25 mm; Shinwa Chemical
Industries [td.), column temperature: 150° C.—(5° C./
min)—>220° C. (10 min), carrier gas: He (1.3 mL/min).
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The 3 desaturase expressing strain had reduced levels of Industrial Applicability

the n-6 series fatty acids, and there was a tendency for then-3
series fatty acids to increase (FIG. 54). FIG. 55 represents the
percentage relative to the wild-type strain taken as 100%.

As a result, the arachidonic acid was reduced by about 4

The present invention provides modification of the fatty
acid composition produced by stramenopiles, and a method
for highly accumulating fatty acids in stramenopiles. The

1/10, and the DPA by about 1/7. EPA increased by a factorof ~  invention thus enables more efficient production of polyun-
about 1.8, and DHA by a factor of about 1.2.

saturated fatty acids.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 125

<210> SEQ ID NO 1
<211> LENGTH: 19

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8)..
<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11).
<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14).
<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 1

thgaygcencce

nggncaymg

<210> SEQ ID NO 2
<211> LENGTH: 980

<212> TYPE:

DNA

(8)

. (11)

. (14)

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: RACE product believed to be partial sequence of

T. aureum-derived EF-lalpha gene

<400> SEQUENCE: 2

tegtegacte

gcacgeectt

ggacgacaag

cggettecte

ctgggctggc

ccttetggag

cectgececte

cgagacegge

cgaagtcaag

cgteggette

gcggatgeca

tcatgggeca

cccacattge

ttetegagga

ccectecaag

cgtgegegac

caaataaatt

gtcgaccgge
ctggecttea
tcgaccatgt
ggcaaggtcg
gacaacatga
gcectegace
caggatgtgt
atcatcaagc
tcegtegaga
aacatcaaga
agtaacgacc
cceeggtgag
ctgcaagttce
gacccccaag
cgcatgtgeg
atgcgegtea

ctacgaaaga

ggttcgagge
cccteggeat
acagcgaggce
gcttcaagee
tcgagaagtce
agatcaagcc
acaagattgg
cceggeatgac
tgcaccacga
acgtgteggt
cgeeecgegy
atcegegeeyg
gctgagetee
ttcatcaagt
tcgagtectt

cegtegetgt

¢, g, or t

¢, g, or t

cggcategec

ccagcagatc

cegetteacy

caagaagatc

caccaacatg

gcccaagege

cggcategge

cgectacttt

gtccatceeg

caaggtacat

cgecegtacte

gctatgegee

agaacaagat

cgggtggact

caccgagtac

cggegteatce

19

aaggacggcc agacccgcga 60
atcgtcgecg tcaacaagat 120
gagatcgtca ccgaggtgte 180
accttegtge ccatctcecggg 240
ccetggtaca aggggcccta 300
ccggtegaca agccectecg 360
acggtcceccg tcggecgegt 420
gccececcaccyg gcatctcecac 480
gaggcctece ccggtgacaa 540
tcgeecgegge aacgttgecg 600
gttcgaggce caggtcatcg 660
cgtgctegac tgccacactg 720
ggaccgcege tcgggcaaga 780
ctgccatggt caagatgtat 840
ccgecgeteg gecgetttge 900
aagtccgtca ccaagggcga 960

980
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-continued

48

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 3

gtgaaggcca gaagggcgtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 4

gecggtegac gagtcgacyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5
LENGTH: 496

TYPE: DNA
ORGANISM: Unknown
FEATURE:

20

19

OTHER INFORMATION: RACE product believed to be partial sequence of

T. aureum-derived EF-lalpha gene

SEQUENCE: 5

ctcactatag ggcaagcagt ggtatcaacg cagagtacge gggagtagca agcagceggca

aaggaaggca agatgggcaa gaccaaggag catgtcaacc ttgtggtgat cggccatgte

gacgceggea agtcgaccac caccggecac ttgatctaca agtgeggtgyg catcgacaag

cgcacgatcg agaagttcga gaaggaggcece gecgageteg gcaagagete gttcaagtac

gectgggtge tcgacaaget caaggcecgag cgcgagcegeg gtatcaccat cgacategec

ctctggaagt tcgagtegece cegetttgac tttaccgtea tegatgecce cggccaccge

gacttcatca agaacatgat taccggcacc agccaggccg acgtcgecat tctacgtegt

cgactegteg accggeggtt cgaggecgge atcgecaagg acggcecagac ccgegageac

geccttetgg ccttea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6
LENGTH: 436

TYPE: DNA
ORGANISM: Unknown
FEATURE:

60

120

180

240

300

360

420

480

496

OTHER INFORMATION: RACE product believed to be partial sequence of

T. aureum-derived EF-lalpha gene

SEQUENCE: 6

ctcactatag ggcaagcagt ggtatcaacg cagagtacge gggagtagca agcagceggca

aaggaaggca agatgggcaa gaccaaggag catgtcaacc ttgtggtgat cggccatgte

gacgceggea agtcgaccac caccggecac ttgatctaca agtgeggtgyg catcgacaag

cgcacgatcg agaagttcga gaaggaggcece gecgageteg gcaagagete gttcaagtac

gectgggtge tcgacaaget caaggcecgag cgcgagcegeg gtatcaccat cgacategec

ctctggaagt tcgagtegece cegetttgac tttaccgtea tegatgecce cggccaccge

gacttcatca agaacatgat taccggcacc agccaggccg acgtcgecat tctacgtegt

60

120

180

240

300

360

420
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-continued
cgactcgtcg accggce 436
<210> SEQ ID NO 7
<211> LENGTH: 1396
<212> TYPE: DNA
<213> ORGANISM: Thraustochytrium aureum
<400> SEQUENCE: 7
ctcactatag ggcaagcagt ggtatcaacg cagagtacgce gggagtagca agcagcggca 60
aaggaaggca agatgggcaa gaccaaggag catgtcaacc ttgtggtgat cggccatgte 120
gacgccggea agtcgaccac caccggcecac ttgatctaca agtgeggtgg catcgacaag 180
cgcacgatceg agaagttcga gaaggaggcece gecgagceteg gcaagagcetce gttcaagtac 240
gectgggtyge tcegacaaget caaggcecgag cgcgagegeg dgtatcaccat cgacatcgece 300
ctetggaagt tcgagtegece ccgetttgac tttaccgtea tegatgceccee cggecaccge 360
gacttcatca agaacatgat taccggcacc agccaggccg acgtcgecat tctacgtegt 420
cgactegteg accggeggtt cgaggecgge atcgecaagyg acggccagac ccgcgagcac 480
geecttetgyg ccettecacccet cggcatccag cagatcatceg tegccgtcaa caagatggac 540
gacaagtcga ccatgtacag cgaggcccge ttcacggaga tcgtcaccga ggtgtccgge 600
ttecteggea aggteggett caagcccaag aagatcacct tegtgcccat ctegggetgg 660
gctggcegaca acatgatcga gaagtccacce aacatgecct ggtacaaggg gecctacctt 720
ctggaggcce tcgaccagat caagccgecce aagegcecegyg tcegacaagece cctecgectg 780
ccectecagg atgtgtacaa gattggegge ateggcacgg tceccegtegyg ccegegtegag 840
accggcatca tcaagcccgg catgaccgece tactttgece ccaccggcat ctccaccgaa 900
gtcaagtceyg tcgagatgca ccacgagtcece atcccggagg cctcecccegg tgacaacgte 960
ggcttcaaca tcaagaacgt gtcggtcaag gtacattcge cgcggcaacg ttgccggegg 1020
atgccaagta acgacccgec ccgcggcgcece gtactcecgtte gaggcccagg tcatcgtcat 1080
gggccaccee ggtgagatce gcegecggeta tgcgecegtyg ctegactgec acactgecca 1140
cattgcctge aagttcgetg agctccagaa caagatggac cgccgctcecgg gcaagattcet 1200
cgaggagacc cccaagttca tcaagtcggg tggactctge catggtcaag atgtatcccce 1260
tccaagegca tgtgcgtega gtecttcace gagtaccege cgctecggceeg ctttgecgtg 1320
cgegacatge gegtcaccgt cgectgtegge gtcatcaagt cegtcaccaa gggcgacaaa 1380
taaattctac gaaaga 1396

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 8
H: 340
PRT

ISM: Thraustochytrium

<400> SEQUENCE: 8

Met Gly Lys
1

Asp Ala Gly

Gly Ile Asp
35

Leu Gly Lys
50

Ala Glu Arg

Thr Lys Glu His Val Asn

Lys Ser Thr Thr Thr Gly

20

25

Lys Arg Thr Ile Glu Lys

40

Ser Ser Phe Lys Tyr Ala

55

Glu Arg Gly Ile Thr Ile

aureum

Leu

10

His

Phe

Trp

Asp

Val

Leu

Glu

Val

Ile

Val Ile Gly
Ile Tyr Lys
30

Lys Glu Ala
45

Leu Asp Lys
60

Ala Leu Trp

His Val

15

Cys Gly

Ala Glu

Leu Lys

Lys Phe
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Glu Ser Pro

Asp Phe Ile

Ile Leu Arg

115

Lys Asp Gly
130

Ile Gln Gln
145

Met Tyr Ser

Phe Leu Gly

Ile Ser Gly

195

Pro Trp Tyr
210

Pro Pro Lys
225

Thr Gly Ile
Ile Ser Thr
275

Glu Ala Ser
290

Val Lys Val
305

Asp Pro Pro

Gly Pro Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thraustochytrium

70

Arg Phe Asp Phe Thr Val

85

Lys Asn Met Ile Thr Gly

100

105

Arg Arg Leu Val Asp Arg

120

Gln Thr Arg Glu His Ala

135

Ile Ile Val Ala Val Asn
150

Glu Ala Arg Phe Thr Glu

165

Lys Val Gly Phe Lys Pro

180

185

Trp Ala Gly Asp Asn Met

200

Lys Gly Pro Tyr Leu Leu

215

Arg Pro Val Asp Lys Pro
230

Ile Gly Gly Ile Gly Thr

245

Ile Lys Pro Gly Met Thr

260

265

Glu Val Lys Ser Val Glu

280

Pro Gly Asp Asn Val Gly

295

His Ser Pro Arg Gln Arg
310

Arg Gly Ala Val Leu Val

325

Arg
340

D NO 9
H: 1023
DNA

<400> SEQUENCE: 9

atgggcaaga

tcgaccacca

aagttcgaga

gacaagctca

gagtcgccce

aacatgatta

cggcggttcg

ttcacccteg

atgtacagcg

ccaaggagca

cecggecactt

aggaggccgce

aggccgagcg

getttgactt

cecggeaccag

aggccggeat

gcatccagca

aggccegett

Ile

90

Thr

Arg

Leu

Lys

Ile

170

Lys

Ile

Glu

Leu

Val

250

Ala

Met

Phe

Cys

Arg
330

aureum

75

Asp

Ser

Phe

Leu

Met

155

Val

Lys

Glu

Ala

Arg

235

Pro

Tyr

His

Asn

Arg

315

Gly

tgtcaacctt gtggtgatcg

gatctacaag tgcggtggca

cgagctegge aagagctegt

cgagegeggt atcaccatceg

taccgtcate gatgeccceeg

ccaggecgac gtegecatte

cgccaaggac ggccagaccc

gatcatcgte gccgtcaaca

cacggagatc gtcaccgagg

Ala Pro Gly

Gln Ala Asp
110

Glu Ala Gly
125

Ala Phe Thr
140

Asp Asp Lys

Thr Glu Val

Ile Thr Phe
190

Lys Ser Thr
205

Leu Asp Gln
220

Leu Pro Leu

Val Gly Arg

Phe Ala Pro
270

His Glu Ser
285

Ile Lys Asn
300

Arg Met Pro

Pro Gly His

gccatgtega
tcgacaageg
tcaagtacge
acatcgecect
gecaccgega
tacgtecgteg
gegagcacgce
agatggacga

tgtccggett

80

His Arg
95

Val Ala

Ile Ala

Leu Gly

Ser Thr
160

Ser Gly
175

Val Pro

Asn Met

Ile Lys

Gln Asp
240

Val Glu
255

Thr Gly

Ile Pro

Val Ser

Ser Asn
320

Arg His
335

cgceggcaag
cacgatcgag
ctgggtgete
ctggaagttce
cttcatcaag
actcgtcgac
ccttetggee
caagtcgacc

ccteggcaag

60

120

180

240

300

360

420

480

540
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-continued

54

gtcggettca ageccaagaa gatcacctte gtgeccatet cgggetggge

atgatcgaga agtccaccaa catgecctgg tacaagggge cctaccttet

gaccagatca agccgcccaa gegeceggte gacaageccee teegectgec

gtgtacaaga ttggcggcat cggcacggte ccegteggee gegtegagac

aagcccggcea tgaccgecta ctttgeccee accggeatet ccaccgaagt

gagatgcacc acgagtccat cccggaggece tcccceggtg acaacgtegg

aagaacgtgt cggtcaaggt acattegeeg cggcaacgtt gecggeggat

gaccegeccee geggegeogt actegttega ggeccaggte ategtceatgg

tga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 10

cctecttete gaactteteg ategtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 11

catggtcaag atgtatcccce tccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 12

tcaccaaggyg cgacaaataa attct

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 13

LENGTH: 615

TYPE: DNA

ORGANISM: Thraustochytrium aureum

SEQUENCE: 13

ctagecttee tttgeegetg cttgetacte ctgctactee tgettgetac

tcegegttee gtetetgeeg cgecgtcaac gagegectee acggatttat

cagctcacct tggccgecta tctaaccceg caaaccgect cccagcecaac

cgcegtaagg cggatgeceg gaacacagece ccgecgegac ctaacaccaa

cecgegecage cgccacctta cgecagecgea ccecgeccgee gegecgeget

cctecgecee geggaccgee ctgegeacte gegggggeta tcectggtagt

gaggtgctag gecggecccege gegtccaceg cgcccgaegac cccgecgaac

cctaacccte ggtttggett aaggaggace gecgecagge cccccegtgac

ggggctcetet getgeggeeg cgtetegteg cgettteegt cacgacacag

tggcgacaac

ggaggcccte
cctecaggat
cggcatcatce
caagtccgte
cttcaacatce
gccaagtaac

gecacceegg

tcegtgetge

ccgeccaacy

cagtatgcac

cactaaccge

gCtgggCCgC

cgegegetag

agcctggage

gegggeccce

gggacccgag

600

660

720

780

840

900

960

1020

1023

26

25

25

60

120

180

240

300

360

420

480

540
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gtgacgagga cgaatgcgceg aagctttege ccggatgagt ggcggectga tgtgaggaac 600
ggcttttttt gaatt 615
<210> SEQ ID NO 14
<211> LENGTH: 1414
<212> TYPE: DNA
<213> ORGANISM: Thraustochytrium aureum
<400> SEQUENCE: 14
gatccgegee ggetatgege ccegtgetega ctgccacact geccacattg cctgcaagtt 60
cgctgagete cagaacaaga tggaccgecg ctegggcaag attctcegagyg agacccccaa 120
gttcatcaag tcgggtggac tctgecatgg tcaagatgta tceccctecaa gegeatgtge 180
gtegagtect tcaccgagta cccgecgete ggecegetttyg cegtgegega catgegegte 240
accgtegetyg tceggegtcat caagtcegte accaagggeg acaaataaat tctacgaaag 300
atttttttee tcaagaagcg ccctaaagtt gacccctage agcgacgact gtgtgtgecg 360
ttgtgagteg agttgegatg tcgtgcageg ceegtegegt ccecatgeteg cgcegegacte 420
cgtctetget tttcatctca agtcaagagt gggaagttcce cttgctttat ctcactattt 480
agaggtcget cacggetgcet ggttectegt cgecatgtage acagectegt ccaatcgcag 540
cctgecaccac cccgetegece tgggaaaatg cgetcagegyg attcegcactyg gcactectet 600
ccteggacag gtgcgatgtg gaagcggtca catcctegge geccteggece acgccagcat 660
ctgcgeaate getctecteg ttetcageeg caaccgcagyg caggccgacyg tcegtttacct 720
cggaatccac cgagcatttc gagcccatceg cgetggegte cacctcegatce ataccttcete 780
catcgecgte cgctgegget tccgattett ctgetgeege aaccgcgacyg tceggeccccyg 840
tctecteegt tetttecgat gecggegeag tggecgegee ctetgcetega accggetegt 900
gttcagegte agggectgeg cttgageteg ggeggetett cegagtgatce cggecccgeg 960
aggcaaggaa tcggcggcte tggagtgtcg gggcagecge tcectcactgece ggtcectttgge 1020
tggctgectg tectgcecteg cgttggectt tgettttgece taggcttteg ccttggtgac 1080
ggcgtttgee tgctgcggceg acttggegeg gecgcggaat agcgcectcaa agtectgetce 1140
gaggcgcecec agctctgact tgatttgcga ggtcceggtyg gcatgagetce cgetgcecte 1200
gtcecttacgg ccecgtettte gctecattge ttgccgegeg tgtacaccgg aagaaacttyg 1260
atctcgttga ggttgccggyg gcgaaacagg gacatctgtg cgccecgtgctg cttgtcetgag 1320
ggcgcetgegyg gaccctgett ggeccaaccca gggcttggac ctgceccccceccee ccttettece 1380
ccaccgecge gccaccceca tetecttece gett 1414
<210> SEQ ID NO 15
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 15
atgcaratht tygtkaarac yyts 24

<210> SEQ ID NO 16
<211> LENGTH: 278

<212> TYPE:

DNA

<213> ORGANISM: Thraustochytrium aureum
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<400> SEQUENCE: 16

atgcagatct

gacaccatcg

cagcgectca

atccagaagg

tgtagtatgt

tcgtcaagac

agaacgtgaa

tectttgeegy

agtccacget

gctatacteg

<210> SEQ ID NO 17
<211> LENGTH: 21

<212> TYPE:

DNA

gctecacggge
gagcaagatc
caagcagcete
ccacctagte

aatcatgetg

aagaccatca cgctcgatgt

caggacaagyg agggcatccc

gaggacggtc gcacactcag

ctgegectge geggtggceaa

ccctgtac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 17

caggactagyg tggagcgtgg a

<210> SEQ ID NO 18
<211> LENGTH: 26

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 18

actccttetg gatgttgtag tegetg

<210> SEQ ID NO 19
<211> LENGTH: 260

<212> TYPE:

DNA

<213> ORGANISM: Thraustochytrium

<400> SEQUENCE: 19

acccccaaac

agccaacatg

gectagegac

cgaccagcag

ctacaacatc

gacaagcaga

cagatctteg

accatcgaga

cgecteatet

cagaaggagt

<210> SEQ ID NO 20
<211> LENGTH: 76

<212> TYPE:

PRT

acaagcaaca

tcaagacgct

acgtgaagag

ttgccggcaa

<213> ORGANISM: Thraustochytrium

<400> SEQUENCE: 20

Met Gln Ile Phe Val Lys Thr Leu

1

Val Glu Gly Ser Asp Asn Ile Glu

20

Lys Glu Gly Ile Pro Pro Asp Gln

35

40

Gln Leu Glu Asp Gly Arg Thr Leu

50

55

Ser Thr Leu His Leu Val Leu Arg

65

70

<210> SEQ ID NO 21

aureum

ccagcagcag

cacgggcaag

caagatccag

gcagctcgag

aureum

Thr

Asn

25

Gln

Ser

Leu

Gly

10

Val

Arg

Asp

Arg

Lys

Lys

Leu

Tyr

Gly
75

caagcgacce
accatcacge
gacaaggagg

gacggtcgca

Thr Ile Thr

Ala Lys Ile
30

Ile Phe Ala
45

Asn Ile Gln
60

Gly

ggagcctage
gecegaccag
cgactacaac

ctaagctatce

aagcaacact
tcgatgtgga
gecatcecegece

cactcagcga

Leu Glu
15
Gln Asp

Gly Lys

Lys Glu

60

120

180

240

278

21

26

60

120

180

240

260
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<211>
<212>
<213>

<400>

LENGTH: 228
TYPE: DNA
ORGANISM: Thraustochytrium aureum

SEQUENCE: 21

atgcagatct tcgtcaagac getcacggge aagaccatca cgctcgatgt ggagectage

gacaccatcg agaacgtgaa gagcaagatc caggacaagg agggcatccce geccgaccag

cagcgectca tetttgeegg caagecagete gaggacggte gcacactcag

atccagaagg agtccacget ccacctagte ctgegectge geggtgge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 22

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 22

cacgttcteg atggtgtege t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 23

gatctgcatyg ttggctagtg ttget

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 24

ctatactcga atcatgetge cctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 25

aactaagcta tctgtagtat gtge

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 26

LENGTH: 801

TYPE: DNA

ORGANISM: Thraustochytrium aureum

SEQUENCE: 26

cgttagaacg cgtaatacga ctcactatag ggagagtcga ctgagcacaa

agcgggecte gagagegttt gettegagee geggagcaag ggggatggat

gtegtgegge ccteggtcac ceggtgggte ctgcactgac geatetgtte

cacgaacgaa caaaccgagg agccgcageg cctggtgecac cegecgggeg

tgctatttac tatgecctace gagagagaga gcggagegga tgcataggaa

cgactacaac

ctectgetgeg

cgctcatgeg

tgatcagaca

ttggttggtyg

atcgggccac

60

120

180

228

21

25

24

24

60

120

180

240

300
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gegggaggge catgegtteg ccccacacge cacttatace acgcccegete tetcectecegge 360
cggcaggcag cgcataacta taccgacgcet ggcaggcettyg gtagcaactyg gcagggacaa 420
ctegegegeg ggtceccggte gttcegatgtg ccaacccgag agaatccage cagcagggceyg 480
gttggccteca tegeccacct gctatggtge agcgaaccaa cteccgaage ggecggttec 540
gegattceect cttectgaatt ctgaattctg aactgattcce ggaggagaac cctctggaag 600
cgegggttge ctetecagtt ctgccgaact agacagggga gtgagcatga tgagtgacce 660
tgacgecgtga gctgagetgg ttgctggaat atagtcegetyg aacgetggge tgtgtcacge 720
gtecactteg ggcagaccee aaacgacaag cagaacaagc aacaccagca gcagcaageg 780
acctaagcaa cactagccaa ¢ 801
<210> SEQ ID NO 27
<211> LENGTH: 584
<212> TYPE: DNA
<213> ORGANISM: Thraustochytrium aureum
<400> SEQUENCE: 27
aactaagcta tctgtagtat gtgctatact cgaatcatge tgccctgtac gtacctacct 60
atatctgatt gagegtgetg cgtcgaccat agacgcggga acgcgggceca gcctaccacg 120
ttgcegecege cggtatccac gggcacgeca aagcattggt cgataacget ctgeccaggg 180
cttectggeg aggacccgag gecaacatge atgcatgtge tatcageggt catcatcgece 240
ctcatcageg cgcatcggeg agectcgegea cgaacggcaa gcegeccaact caactcactt 300
actcacacta tggtcttgcce gttggeggtt gettagetaa tgegtgacgt cactctgect 360
ccaacatcge gaggcagagt cgcgagcagt gcagaggcca cggcggacgce caacaaagcg 420
ccaaccageg caacgcacca gecgggtetgt gggegtaget cgagegggeyg tcttcaagag 480
cegeegtgga gcecgacgece ctgcgaaggg ctegagtgea ageggggecyg ttgagecgeg 540
tggtaggaac aactgcagtc tccctatagt gagtcgtatt acgce 584
<210> SEQ ID NO 28
<211> LENGTH: 795
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized Neomaycin resistance DNA
<400> SEQUENCE: 28
atgattgaac aggacggcct tcacgetgge tegeccegetyg cttgggtgga acggetgtte 60
ggctacgact gggctcagca gacgatcgge tgcteggacyg cggccegtgtt cegecttage 120
gegeagggee ggecggtect gtttgtcaag accgacctta geggcegecct caacgagcetce 180
caggacgaag ctgcccgect cagctggett gecacgacgg gggtteegtyg cgeegetgtg 240
ctegacgteg tcaccgaage cggccgegac tggetgetee teggggaagt gceccggecag 300
gacctectea gcagecacct cgcgeccgcet gagaaggtgt ccatcatgge cgacgccatg 360
cgecgectge acaccctega ccccgecace tgecectteg accaccagge gaagcacagg 420
atcgaacgeg cccgecacgceg gatggagget ggectegteg accaagacga cctcgacgag 480
gagcaccagyg gcctegegee ggcggaactg ttegecagge ttaaggctag gatgccggac 540
ggcgaggace tcegtggtcac gcacggcgac gectgectee ccaacatcat ggtcgagaac 600
ggeegettet cgggetttat cgactgeggg cgectgggeyg tggceggacceg ctaccaagac 660
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atcgegeteg ccacgeggga catcgecgag gagettggeg gegagtggge cgaccgettt 720
ctegtgetet acggecatcge cgccccggac agecagagga ttgegtteta ccgectectg 780
gacgagttct tttga 795

<210> SEQ ID NO 29

<211> LENGTH: 264

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AA coding Neomycin resistance DNA

<400> SEQUENCE: 29

Met Ile Glu Gln Asp Gly Leu His Ala Gly Ser Pro Ala Ala Trp Val
1 5 10 15

Glu Arg Leu Phe Gly Tyr Asp Trp Ala Gln Gln Thr Ile Gly Cys Ser
20 25 30

Asp Ala Ala Val Phe Arg Leu Ser Ala Gln Gly Arg Pro Val Leu Phe
35 40 45

Val Lys Thr Asp Leu Ser Gly Ala Leu Asn Glu Leu Gln Asp Glu Ala
50 55 60

Ala Arg Leu Ser Trp Leu Ala Thr Thr Gly Val Pro Cys Ala Ala Val
65 70 75 80

Leu Asp Val Val Thr Glu Ala Gly Arg Asp Trp Leu Leu Leu Gly Glu
85 90 95

Val Pro Gly Gln Asp Leu Leu Ser Ser His Leu Ala Pro Ala Glu Lys
100 105 110

Val Ser Ile Met Ala Asp Ala Met Arg Arg Leu His Thr Leu Asp Pro
115 120 125

Ala Thr Cys Pro Phe Asp His Gln Ala Lys His Arg Ile Glu Arg Ala
130 135 140

Arg Thr Arg Met Glu Ala Gly Leu Val Asp Gln Asp Asp Leu Asp Glu
145 150 155 160

Glu His Gln Gly Leu Ala Pro Ala Glu Leu Phe Ala Arg Leu Lys Ala
165 170 175

Arg Met Pro Asp Gly Glu Asp Leu Val Val Thr His Gly Asp Ala Cys
180 185 190

Leu Pro Asn Ile Met Val Glu Asn Gly Arg Phe Ser Gly Phe Ile Asp
195 200 205

Cys Gly Arg Leu Gly Val Ala Asp Arg Tyr Gln Asp Ile Ala Leu Ala
210 215 220

Thr Arg Asp Ile Ala Glu Glu Leu Gly Gly Glu Trp Ala Asp Arg Phe
225 230 235 240

Leu Val Leu Tyr Gly Ile Ala Ala Pro Asp Ser Gln Arg Ile Ala Phe
245 250 255

Tyr Arg Leu Leu Asp Glu Phe Phe
260

<210> SEQ ID NO 30

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 30

cgaatattcc tggttgatcc tgccagtagt 30
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<210> SEQ ID NO 31

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 31

gtaacggctt tttttgaatt gcaggttcac tacgettgtt agaaac

<210> SEQ ID NO 32

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 32

ggtttcegta gtgaacctgce aattcaaaaa aagccgttac tcacat

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 33

cactgcageg aaagacggge cgtaaggacg

<210> SEQ ID NO 34

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 34

cagcggcaaa ggaaggctag atgattgaac aagatggatt gcacge

<210> SEQ ID NO 35

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 35

catcggcaaa ggaaggctag atgattgaac aggacggect tcacg

<210> SEQ ID NO 36

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 36

gegecatagee ggegeggate tcaaaagaac tcgtccagga ggeggt

<210> SEQ ID NO 37

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

46

46

30

46

45

46
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<400> SEQUENCE: 37

tcctggacga gttettttga gatcegegee ggetatgege cegtge

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 38

cactgcageg aaagacggge cgtaaggacg

<210> SEQ ID NO 39

<211> LENGTH: 4454

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized DNA

<400> SEQUENCE: 39

cgaatattce tggttgatce tgccagtagt catacgetta tctcaaagat taagccatge
atgtctaagt ataaaggctt atactctgaa actgegaacg getcattata tcagttatag
tttctttgat agtgtttttt ctacatggat acttgtggeca aatctagaaa caatacatgce
gtacaggcct gactttgggg gagggctgca tttatttgac ttaagccaat accccteggg
gttgttttgg tgattcagaa taactgagcyg aatcgcatag ctttegggeyg gegatgaatc
atttcaagtt tctgccccat cagetgtega tggtagggta taggectace atggetgtca
cgggtgacgyg agaattaggg ttecgatteeg gagagggage ctgagagacg gctaccacat
ccaaggaagyg cagcaggcge gtaaattact caatgttgac tegacgaagt agtgacgaga
attaacaatyg cggagcgcte agegttttge aattggaatg agagcaatgt aaaagcctca
tcgaggatce attggaggge aagtctggtyg ccagecageeg cggtaattce agetccaata
gegtatacta aagttgttge agttaaaaag ctcgtagttg aacctetggt agggecgacce
ttggcgegeg gtgaatgecg cgtegtttag aagegtegtg cecggecate cteccceggt
cttttggget gggggtegtt tactgtaaaa aaaatagagt gttccaagca gggggtaata
tcceggtata tagtagtatg gaataatgag ataggacttt ggtactattt tgttggtttg
catgccaagg taatgattaa gagggacagt tgggggtatt cgtatttaga tgtcagaggt
gaaattcttyg gattttcgaa agacgaacta ctgcgaaage atttaccaag gatgttttca
ttaatcaaga acgaaagtta ggggatcgaa gatgattaga taccatcgta gtcttaaccg
taaactatgc cgacttgega ttgtceggeg tegettttag atgacetggg cagcagcaca
tgagaaatca aagtctttgg gttecggggg gagtatggte gcaaggctga aacttaaagg
aattgacgga agggcaccac caggagtgga gcctgegget taatttgact caacacggga
aaacttacca ggtccggaca taggaaggat tgacagattg agagctcttt cttgattcta
tgggtggtgyg tgcatggeceg ttettagttyg gtggagtgat ttgtectggtt aattccegtta
acgaacgaga ccacagccta ctaaatagtg geegttatgg cgacatageg gtgaacttcet
tagagggaca tttcgggtat accggaagga agtttgtgge aataacaggt ctgtgatgcece

cttagatgtt ctgggccgea cgecgegetac actgateggt tcaacgagta tttgtttttt

tctecattttyg ggagggggca gagtecttgg ccggaaggte tgggtaatct tttgaatgece

46

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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gatcgtgatg gggctagatt tttgcaatta ttaatctcca acgaggaatt cctagtagac 1620
gcaagtcatc agcttgcatc gattacgtcc ctgcecctttg tacacaccgc ccgtecgcacce 1680
taccgattga acgatccggt gagaccttgg gattctgttg tggctgattce attttggetg 1740
cgatgggaga acttgagcaa accttatcgt ttagaggaag gtgaagtcgt aacaaggttt 1800
ccgtagtgaa cctgcaattc aaaaaaagcce gttactcaca tcaggccgcc actcatccecgg 1860
gcgaaagcett cgcgcattceg tcectegtcac ctcecgggtceece ctgtgtegtg acggaaagceyg 1920
cgacgagacg cggccgcage agagageccece gggggceccege gtcacggggyg gcectggegge 1980
ggtcctectt aagccaaacce gagggttagg gcectccagget gtteggeggg gtegegggceyg 2040
cggtggacge gceggggecge ctagcaccte ctagegegeg actaccagga tagcccccge 2100
gagtgcgcag ggcggtcecge ggggcggagg gcggeccage agegceggcegce ggcegggeggyg 2160
tgcggetgeg taaggtggeg gcgggcgcegg geggttagtg ttggtgttag gtecgeggegyg 2220
ggctgtgtte cgggcatccg ccttacggeg gtgcatactg gttggetggg aggcggtttyg 2280
cggggttaga taggcggcca aggtgagctg cgttgggegg ataaatccgt ggaggcgcetce 2340
gttgacggeyg cggcagagac ggaacgcgga gcagcacgga gtagcaagca ggagtagcag 2400
gagtagcaag cagcggcaaa ggaaggctag atgattgaac aggacggect tcacgctgge 2460
tcgececegetg cttgggtgga acggctgtte ggctacgact gggctcagca gacgatcggce 2520
tgctcggacg cggcegtgtt cecgecttage gcgcagggcece ggccggtcect gtttgtcaag 2580
accgacctta gcggegecct caacgagetce caggacgaag ctgeccgect cagetggett 2640
gecacgacygyg gggttecegtyg cgcegetgtg ctegacgteg tcaccgaage cggecgcgac 2700
tggctgetee tceggggaagt gecccggecag gacctectea gcagecacct cgcegeccget 2760
gagaaggtgt ccatcatggce cgacgccatg cgccgectge acaccctega ceccgccace 2820
tgccectteg accaccaggce gaagcacagg atcgaacgeg ccecgcacgeyg gatggagget 2880
ggectegteyg accaagacga cctcgacgag gagcaccagg gectcegegec ggeggaactyg 2940
ttegecagge ttaaggctag gatgccggac ggcgaggace tegtggtcac gcacggcgac 3000
gcctgectee ccaacatcat ggtcgagaac ggccgcecttet cgggetttat cgactgeggg 3060
cgectgggeg tggeggaccg ctaccaagac atcgegeteg ccacgceggga catcgecgag 3120
gagcttggeg gcgagtggge cgaccgcettt ctcecgtgcectet acggcatcgce cgeccccggac 3180
agccagagga ttgcgttcecta ccgectectg gacgagttet tttgagatce gegeccggceta 3240
tgcgeccegtg ctcgactgec acactgccca cattgcctge aagttecgctg agctccagaa 3300
caagatggac cgccgetegg gcaagattcet cgaggagacce cccaagttca tcaagtcggg 3360
tggactctge catggtcaag atgtatccce tccaagcegca tgtgcgtcga gtecttcace 3420
gagtaccecge cgcteggecg ctttgecegtg cgcgacatge gegtcaccgt cgetgtegge 3480
gtcatcaagt ccgtcaccaa gggcgacaaa taaattctac gaaagatttt tttcecctcaag 3540
aagcgccecta aagttgaccce ctagcagcga cgactgtgtg tgccegttgtg agtcgagttg 3600
cgatgtegtg cagcgccegt cgcgtceccat gctegecgege gactcegtet ctgettttcea 3660
tctcaagtca agagtgggaa gttcccttge tttatctcac tatttagagg tegctcacgg 3720
ctgctggttce ctcecgtcgecat gtagcacagce ctegtccaat cgcagecctge accaccccgce 3780
tcgectggga aaatgcgete agecggattceg cactggcact cctcectecteg gacaggtgeg 3840
atgtggaagc ggtcacatcc tecggcgeccct cggccacgcece agcatctgeg caatcgctcet 3900
cctegttete agceccgcaacce gcaggcaggce cgacgtegtt tacctcggaa tccaccgagce 3960
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atttcgagcce catcgcgetg gegtcecacct cgatcatacce ttcteccateg cegtecgetg 4020
cggcttecga ttcettcectget gecgcaaccg cgacgtegge ccccecgtcectece tecgttettt 4080
ccgatgecgg cgcagtggec gegcecctcectg ctegaaccgg ctegtgttca gegtcagggce 4140
ctgcgettga gectegggegyg ctettecgag tgatccggece ccgcgaggca aggaatcggce 4200
ggctectggag tgtcggggca gccgctcectca ctgccggtet ttggetgget gectgtectyg 4260
cctegegttg gectttgett ttgecctagge tttegecttg gtgacggcegt ttgectgetg 4320
cggcgacttyg gegeggecge ggaatagege ctcaaagtece tgctcgagge gcecccagcete 4380
tgacttgatt tgcgaggtcc cggtggcatg agctccgetg cectegtect tacggccegt 4440
ctttecgetge agtg 4454
<210> SEQ ID NO 40
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 40
gccagtagte atatgcttat ctcaaag 27
<210> SEQ ID NO 41
<211> LENGTH: 45
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 41
tegtattacg cgttctaacg ccttgttacyg acttcacctt cctet 45
<210> SEQ ID NO 42
<211> LENGTH: 46
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 42
aaggtgaagt cgtaacaagg cgttagaacg cgtaatacga ctcact 46
<210> SEQ ID NO 43
<211> LENGTH: 48
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 43
gtgcaatcca tcttgttcaa tcatgttgge tagtgttget taggtege 48
<210> SEQ ID NO 44
<211> LENGTH: 48
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 44
gcgacctaag caacactage caacatgatt gaacaagatg gattgcac 48
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<210> SEQ ID NO 45

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 45

gagtatagca catactacag atagctcaga agaactcgtce aagaaggceg

<210> SEQ ID NO 46

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 46

gecttettga cgagttette tgagectatcet gtagtatgtg ctatacteg

<210> SEQ ID NO 47

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 47

cggggtacceg cgtaatacga ctcactat

<210> SEQ ID NO 48

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 48

tcggtacceg ttagaacgeg taatacgac

<210> SEQ ID NO 49

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 49

tcggtaccac cgcegtaatac gactcactat agggagactg cagtt

<210> SEQ ID NO 50

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 50

agaggaaggt gaagtcgtaa caaggcgtta ga

<210> SEQ ID NO 51

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

49

49

28

29

45

32
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<400> SEQUENCE: 51

aacagctatg accatgatta cgaattegag ctegg

<210> SEQ ID NO 52

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 52

cagcggcaaa ggaaggctag atgattgaac aggacggect tcacge

<210> SEQ ID NO 53

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 53

gegecatagee ggegeggate tcaaaagaac tcgtccagga ggeggt

<210> SEQ ID NO 54

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 54

acctaagcaa cactagccaa catggtgage aagggcgagg a

<210> SEQ ID NO 55

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 55

agcacatact acagatagct tagttttact tgtacagctce gtcca

<210> SEQ ID NO 56

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is inosine.
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (24)..(24)

35

46

46

41

45
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<223>

<400>

OTHER INFORMATION: n is inosine.

SEQUENCE: 56

ggntggmgna thwsncaymg nacncayca 29

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 57

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Chemically synthesized primer
FEATURE:

NAME/KEY: misc_feature

LOCATION: (9)..(9)

OTHER INFORMATION: n is a, ¢, g, or t
FEATURE:

NAME/KEY: misc_feature

LOCATION: (15)..(15)

OTHER INFORMATION: n is a, ¢, g, or t
FEATURE:

NAME/KEY: misc_feature

LOCATION: (18)..(18)

OTHER INFORMATION: n is inosine.

SEQUENCE: 57

ccrtartcenc krtcnayngt 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 58

agcgtctage gcatcttect ¢ 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 59

acgttcacgt ccgtgtget 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 60

ttaagcttca aaatgtctceg tggaggaaac ctctce 35

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 61

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 61

gtctagattt agtcgtgcge cttgtagaac a 31
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<210> SEQ ID NO 62

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 62

ggtttcegta gtgaacctgce aattcaaaaa aagccgttac tcacat

<210> SEQ ID NO 63

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 63

cctaagcaac actagccaac atgggtegtg gaggaaacct ctcca

<210> SEQ ID NO 64

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 64

atactacaga tagcttagtt ttagtcegtge gecttgtaga acaca

<210> SEQ ID NO 65

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 65

tactggaaga accagcacag caagcaccac

<210> SEQ ID NO 66

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 66

geggaactge ggcgeegtgg ggaagaggtg

<210> SEQ ID NO 67

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 67

cgeegtgggyg aagaggtggt getcegatcetg

<210> SEQ ID NO 68

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

46

45

45

30

30

30
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<400> SEQUENCE:

68

tgtcctgett cctggttggt cte

<210> SEQ ID NO 69

<211> LENGTH:

24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

69

tctggaccct gtttetgeac cege

<210> SEQ ID NO 70

<211> LENGTH:

21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

accgcaaagt tggtgaagat g

70

<210> SEQ ID NO 71

<211> LENGTH:

27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

caaagccaaa ggtggccatg tagagac

71

<210> SEQ ID NO 72

<211> LENGTH:

31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

cgaattcatg ggacgeggeg gcgaaggtca g

72

<210> SEQ ID NO 73

<211> LENGTH:

31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

getcegagttyg ggtcgggata aaataaatgg ¢

73

<210> SEQ ID NO 74

<211> LENGTH:

26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE:

atgcaratht tygtkaarac yytsac

74

<210> SEQ ID NO 75

<211> LENGTH:

26

23

24

21

27

31

31

26
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 75

actccttetg gatgttgtag tegetg

<210> SEQ ID NO 76

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 76

gacctaagca acactagcca acatgattga acaggacgge cttca

<210> SEQ ID NO 77

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 77

tatagcacat actacagata gctcaaaaga actcgtccag gaggceg

<210> SEQ ID NO 78

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 78

cgttagaacg cgtaatacga ct

<210> SEQ ID NO 79

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 79

cggggtaccyg cgtaatacga

<210> SEQ ID NO 80

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 80

cagatctgga tccgcegaaat gaccgaccaa gcga

<210> SEQ ID NO 81

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 81

26

45

46

22

20

34
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acgcaattaa tgtgagatct agct 24
<210> SEQ ID NO 82
<211> LENGTH: 342
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SV40 terminator
<400> SEQUENCE: 82
cagatctgga tccgegaaat gaccgaccaa gcgacgccca acctgccatce acgagattte 60
gattccaceyg ccgecttceta tgaaaggttg ggctteggaa tegtttteceg ggacgccgge 120
tggatgatce tccagegegg ggatctcatg ctggagttet tegeccacce caacttgttt 180
attgcagctt ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca 240
tttttttcac tgcattctag ttgtggtttg tccaaactca tcaatgtatc ttatcatgtce 300
tgtataccgt cgacctctag ctagatctca cattaattge gt 342
<210> SEQ ID NO 83
<211> LENGTH: 618
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: genomic DNA (T. Aureum 34304 ubiquitin

promoter)
<400> SEQUENCE: 83
cccagatetyg ccgcagegece tggtgcacce gecgggegtt gttggtgtge tettettgee 60
tcecgagagag agagceggage ggatgcatag gaaatcggge cacgegggag ggccatgegt 120
tegeeccaca cgccacttte cacgceceget ctetceteegyg ceggcaggcea gcegcataact 180
ctecgacget ggcaggetgg tagcaactgg cagggacaac tegegegegyg gtceceeggteg 240
ttecgatgtge caacccgaga gaatccagece agcagggegyg ttggectcat cgcccacctg 300
ctatggtgca gcgaaccaac tcccgaageg gecggttetyg cgattcccte ttcetgaatte 360
tgaattctga actgattccg gaggagaacc ctetggaage gegggttgee tctecagtte 420
tgccgaacta gacaggggag tgagcagaga gtgaccctga cgeggagega gctggttget 480
ggaaaagtcyg cgaacgctgg gctgtgtcac gegtccactt cgggcagtcc ccaaacgaca 540
agcagaacaa gcaacaccag cagcagcaag cgacctaage aacactagcec aacatggcca 600
agcctttgte tcaagaag 618
<210> SEQ ID NO 84
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 84
cccagatetyg ccgcagegee tggtgcacce gecggg 36

<210> SEQ ID NO 85
<211> LENGTH: 58

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 85
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cttettgaga caaaggcettg gecatgttgg ctagtgttge ttaggteget tgetgetg

<210> SEQ ID NO 86
<211> LENGTH: 432

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Blasticidin resistance gene

<400> SEQUENCE: 86

agcgacctaa

cattgaaaga

cagcgeaget

tgggggacct

cctgacttgt

gtgccgacag

tggacagceg

ctaagatctg

gcaacactag

gcaacggcta

ctctetageg

tgtgcagaac

atcgtegega

gtgctteteyg

acggcagttyg

g9

<210> SEQ ID NO 87
<211> LENGTH: 54

<212> TYPE:

DNA

ccaacatgge
caatcaacag
acggcegeat
tegtggtget
tcggaaatga
atctgcatce

ggattcgtga

caagccetttyg

catcccecatce

cttcactggt

gggcactgcet

gaacaggggc

tgggatcaaa

attgctgece

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 87

tctcaagaag
tctgaagact
gtcaatgtat
getgetgegyg
atcttgagee
gccatagtga

tctggttatg

(Blar)

aatccaccct

acagcgtege

atcattttac

cagctggcaa

cctgeggacy

aggacagtga

tgtgggaggg

agcgacctaa gcaacactag ccaacatgge caagectttg tctcaagaag aatce

<210> SEQ ID NO 88
<211> LENGTH: 38

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 88

cccagatett agccctecca cacataacca gagggceag

<210> SEQ ID NO 89
<211> LENGTH: 1000

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

promoter/pTracer-CMV/Bsd/LacZ Blar)

<400> SEQUENCE: 89

cccagatetyg

tcegagagag

tcgecccaca

ctcegacget

ttcgatgtge

ctatggtgca

tgaattctga

tgccgaacta

cegeageged

agageggage

cgccacttte

ggcaggctgg

caacccgaga

gcgaaccaac

actgattceg

gacaggggag

tggtgcacce

ggatgcatag

cacgceeget

tagcaactgg

gaatccagcce

tccegaageg

gaggagaacc

tgagcagaga

gCnggCgtt

gaaatcggge

ctecteteegy

cagggacaac

agcagggegy

geeggttety

ctctggaage

gtgaccctga

gttggtgtgc

cacgcgggag

ccggcaggea

tegegegegg

ttggccteat

cgattececte

gnggtthC

c¢gceggagega

fusion DNA (T. Aureum 34304 ubiquitin

tcettettgee

ggccatgegt

gegecataact

gtceeggteg

cgcecaccty

ttetgaatte

tctecagtte

getggttget

58

60

120

180

240

300

360

420

432

54

38

60

120

180

240

300

360

420

480
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-continued
ggaaaagtcyg cgaacgctgg gctgtgtcac gegtccactt cgggcagtcc ccaaacgaca 540
agcagaacaa gcaacaccag cagcagcaag cgacctaage aacactagcec aacatggcca 600
agcctttgte tcaagaagaa tccaccctca ttgaaagage aacggctaca atcaacagca 660
tceccatete tgaagactac agecgtegeca gegecagetet ctcetagegac ggcecgeatct 720
tcactggtgt caatgtatat cattttactg ggggaccttyg tgcagaactc gtggtgctgg 780
gcactgctyge tgctgcggca gctggcaacce tgacttgtat cgtcegegatce ggaaatgaga 840
acaggggcat cttgagcccce tgcggacggt gecgacaggt gettetcegat ctgcatcctg 900
ggatcaaagce catagtgaag gacagtgatg gacagccgac ggcagttggg attcgtgaat 960
tgctgcecte tggttatgtyg tgggagggct aagatctggg 1000
<210> SEQ ID NO 90
<211> LENGTH: 812
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: ubiquitin promoter
<400> SEQUENCE: 90
tecggtacceg ttagaacgceg taatacgact cactataggg agagtcgact gagcacaact 60
ctgctgegag cgggectega gagegtttge ttegagecge ggagcaaggyg ggatggatcg 120
ctecatgeggt cgtgeggece tcggtcacce ggtgggtect gcactgacge atctgttetg 180
atcagacaca cgaacgaaca aaccgaggag ccgcagcgece tggtgcacce gccgggegtt 240
gttgtgtget cttecttgect ccgagagaga gagcggagceyg gatgcatagg aaatcgggec 300
acgcgggagg gccatgegtt cgccccacac gecactttece acgeccgete tctceteegge 360
cggcaggcag cgcataactc tccgacgetg gecaggctggt agcaactgge agggacaact 420
cgegegeggg teceggtegt tcgatgtgec aacccgagag aatccagceca gcagggeggt 480
tggcctcate gcccacctge tatggtgcag cgaaccaact cccgaagegyg cceggttetge 540
gattccctet tetgaattcet gaattctgaa ctgattecegg aggagaaccce tctggaageg 600
cgggttgect ctccagttcet gecgaactag acaggggagt gagcagagag tgaccctgac 660
gecggagegayg ctggttgcetyg gaaaagtcege gaacgetggg ctgtgtcacyg cgtcecactte 720
gggcagacce caaacgacaa gcagaacaag caacaccagc agcagcaagc gacctaagca 780
acactagcca acatgactga ggataagacg aa 812
<210> SEQ ID NO 91
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 91
tcggtacceg ttagaacgceg taatacgac 29
<210> SEQ ID NO 92
<211> LENGTH: 45
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 92
ttegtettat cctcagtcat gttggctagt gttgcttagg teget 45
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92

<210> SEQ ID NO 93
<211> LENGTH: 1116

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 93

cctaagcaac

cggagcetcaa

actacacggc

getegacgee

tctacgtgea

cggecttete

ttttgacgee

acattgataa

gccaatgggt

cgegeacgat

tcatcgtgte

cgcteggett

tcctegteat

cggagtggac

tggacaacct

cgcactacaa

gcaagaacga

acggegetgt

aggccaagtce

actagccaac

gcactcgatce

cegegegate

gttcattgee

gggegtcate

gegetaccac

gttecgagage

ggacgagatc

ctacacgete

gagccacttt

geteggegte

tgcecgteatg

tacgacctte

gtacgtcaag

gagccaccac

gctcaacgaa

cgagcccate

gecegagacy

ggactaaact

<210> SEQ ID NO 94
<211> LENGTH: 43

<212> TYPE

: DNA

atgactgagg
ccgaacgegt
ttcaacgegt
gataacgttce
ttctgggget
agcgtcaact
tggcgegtga
ttttaccege
ggeggtgegt
gacccgtggg

tgggcegect

ggcctctact

ttgcaccaca

ggcaacctet

attggcacge

gccaccaage

atctecggect

gegeagatcet

aagctatctg

ataagacgaa
getttgagte
cggectegge
tgctccacge
tcttcacggt
ttatcatcgg
cgcaccgeca
accggteggt
ggtttgtcta
accecgetect
tcttegeege
actatgcgec
acgacgaagc
cgagcgtega
accaggtcca
actttgcgge
tcttcaagac
tcacgctcaa

tagtat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 94

ggtcgagtte

gaacctegge

ggcgetgete

getegtttge

cggccacgac

ctgcatcatg

ccaccacaag

caaggacctce

cttgaaggtce

ccttegecge

gtacgcegtac

getetttgte

gacgcegtgg

cecgetegtac

ccacttgtte

cgegtacceeyg

cgcgeaccte

agagtcggec

cctaagcaac actagccaac atgactgagg ataagacgaa ggt

<210> SEQ ID NO 95
<211> LENGTH: 40

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 95

atactacaga tagcttagtt ttagtccgac ttggecttgg

<210> SEQ ID NO 96
<211> LENGTH: 614

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

ccgacgetea
ctctegetet
tacgcggege
gccacctaca
tgcggecact
cactctgega
aacacgggca
caggacgtge
gggtatgcce
gegteggecg
ctcacatact
tttgettegt
tacggcgact
ggcgegtteg
ccgatcatte
cacctegtge
tttgtcaact

geggecgeca

cDNA (Saprolegnia diclina omega3 desaturase)

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1116

43

40
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<223>

<400>

OTHER INFORMATION: ubiquitin terminator

SEQUENCE: 96

ccaaggccaa gtceggactaa actaagctat ctgtagtatg tgctatacte gaatcatget

gecctgtacyg tacctaccta tatctgattg agegtgcetge gtegaccata gacgegggaa

cgegggecag cctaccacgt tgccgecgece ggtatccacg ggcacgccaa agcattggte

gataacgcte tgcccaggge ttectggega ggacccgagg ccaacatgca tgeatgtget

atcagcggte atcategece tcatcagege geateggega getegegeac gaacggcaag

cgcccaacte aactcactta ctcacactat ggtcttgeeg ttggeggttyg cttagetaat

gegtgacgte actctgecte caacatcgeg aggcagagte gegagcagtyg cagaggecac

ggcggacgee aacaaagcge caaccagcge aacgcaccag cgggtetgtg ggegtagetc

gagcgggegt cttcaagage cgcegtggag ccgacgecce tgcgaaggge tcgagtgeaa

geggggecegt tgagecgegt ggtaggaaca actgcagtcet cectatagtg agtegtatta

cgeggtggta ccga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 97

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 97

ccaaggccaa gtceggactaa aactaagcta tctgtagtat gtge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 98

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized primer

SEQUENCE: 98

tcggtaccac cgcegtaatac gactcactat agggagactg cagtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 99

LENGTH: 2463

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: fusion DNA (T. aureum ATCC 34304 ubiquitin
promoter/Saprolegnia diclina omega3 desaturase/T. aureum

ATCC 34304 ubiquitin terminator)

SEQUENCE: 99

tcggtacceg ttagaacgeg taatacgact cactataggg agagtegact gagcacaact

ctgectgegag cgggectega gagegtttge ttegagecge ggagcaaggg ggatggatceg

ctcatgeggt cgtgeggece teggtcacce ggtgggtect geactgacge atctgttetg

atcagacaca cgaacgaaca aaccgaggag ccgcagegece tggtgcacce geegggegtt

gttgtgtgcet cttettgect cecgagagaga gagceggageg gatgcatagyg aaatcgggec

acgcgggagyg gccatgegtt cgecccacac gecactttece acgecegete tcetceteegge

cggcaggcag cgcataacte tecgacgetg gecaggetggt agcaactgge agggacaact

cgegegeggyg teceggtegt tegatgtgee aacccgagag aatccageca gcagggeggt

tggcctcate geccacctge tatggtgecag cgaaccaact cecgaagegg cceggttetge

60

120

180

240

300

360

420

480

540

600

614

44

45

60

120

180

240

300

360

420

480

540
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-continued
gattccctet tetgaattcet gaattctgaa ctgattecegg aggagaaccce tctggaageg 600
cgggttgect ctccagttcet gecgaactag acaggggagt gagcagagag tgaccctgac 660
gecggagegayg ctggttgcetyg gaaaagtcege gaacgetggg ctgtgtcacyg cgtcecactte 720
gggcagacce caaacgacaa gcagaacaag caacaccagc agcagcaagc gacctaagca 780
acactagcca acatgactga ggataagacg aaggtcgagt tcccgacget cacggagcete 840
aagcactcga tcccgaacge gtgctttgag tegaaccteg gecteteget ctactacacyg 900
geeegegega tcettcaacge gtceggecteg geggegetge tcetacgegge gegetcgacy 960
ccgttcattg ccgataacgt tetgcteccac gecgetegttt gegcecaccta catctacgtg 1020
cagggcgtca tcttetgggg cttecttcacg gteggccacg actgcggcca cteggcectte 1080
tcgecgectace acagcgtcaa ctttatcatce ggctgcatca tgcactctge gattttgacg 1140
cegttegaga gcetggegegt gacgcaccge caccaccaca agaacacggyg caacattgat 1200
aaggacgaga tcttttaccc gcaccggtcg gtcaaggacce tccaggacgt gegccaatgg 1260
gtctacacge tcggecggtge gtggtttgte tacttgaagg tcegggtatgce cccgcecgcacy 1320
atgagccact ttgacccgtg ggacccgcte ctecttegece gegegtcecgge cgtcatcegtg 1380
tcgeteggeg tetgggceege cttettegee gegtacgegt acctcacata ctegeteggce 1440
tttgcecgtca tgggcctceta ctactatgcg ccgectcetttg tetttgette gttectegte 1500
attacgacct tcttgcacca caacgacgaa gcgacgccegt ggtacggcga ctcggagtgg 1560
acgtacgtca agggcaacct ctcgagegtce gaccgctegt acggcgegtt cgtggacaac 1620
ctgagccacc acattggcac gcaccaggtc caccacttgt tcccgatcat tceccgcactac 1680
aagctcaacg aagccaccaa gcactttgeg gecgegtace cgcacctegt gcgcaagaac 1740
gacgagccca tcatctcgge cttettcaag accgcgcacce tcetttgtcaa ctacggeget 1800
gtgcccgaga cggegcagat cttcacgetce aaagagtcegg cegeggecge caaggccaag 1860
tcggactaaa ctaagctatc tgtagtatgt gctatactcg aatcatgctg ccctgtacgt 1920
acctacctat atctgattga gcgtgctgcg tcgaccatag acgcgggaac gcegggccagce 1980
ctaccacgtt gccgeccgecg gtatccacgg gcacgccaaa gcattggteg ataacgctcet 2040
gcccagggcet tectggcgag gacccgaggce caacatgcat gcatgtgeta tcagecggtca 2100
tcatecgecct catcagegeg catcggegag ctegegcacyg aacggcaagce gcccaactca 2160
actcacttac tcacactatg gtcttgccgt tggeggttge ttagctaatg cgtgacgtca 2220
ctetgectee aacatcgecga ggcagagtceg cgagcagtge agaggccacyg gcggacgcca 2280
acaaagcgcece aaccagcgca acgcaccagce gggtetgtgg gegtageteg agegggegte 2340
ttcaagagce gccgtggage cgacgceccct gegaagggcet cgagtgcaag cggggecgtt 2400
gagccgcegtyg gtaggaacaa ctgcagtcectce cctatagtga gtegtattac gcggtggtac 2460
cga 2463
<210> SEQ ID NO 100
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 100
cceggtaceg ccgcagegee tggtgcaccee gecggg 36
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98

<210> SEQ ID NO 101
<211> LENGTH: 3777

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: fusion DNA (ubiquitin promoter/omega3

desaturase/ubiquitin terminator/ubiquitin promoter/Blar/SV40

terminator)

<400> SEQUENCE: 101

tcggtacceeg

ctgetgegag

ctcatgeggt

atcagacaca

gttgtgtget

acgcgggagy

cggcaggcag

c¢gegegeggy

tggccteate

gattcectet

cgggttgect

dcggagegag

gggcagacce

acactagcca

aagcactcga

gecegegega

cegtteattyg

cagggegtca

tcgegetace

cegttegaga

aaggacgaga

gtctacacge

atgagccact

tegeteggeyg

tttgcegtea

attacgacct

acgtacgtca

ctgagecace

aagctcaacyg

gacgagccca

gtgcccgaga

tcggactaaa

acctacctat

ctaccacgtt

ttagaacgcg

cgggectega

cgtgeggece

cgaacgaaca

cttettgect

gccatgegtt

cgcataactce

tcceggtegt

geccacctge

tctgaattet

ctccagttet

ctggttgetyg

caaacgacaa

acatgactga

tccegaacge

tcttcaacge

ccgataacgt

tcttetgggy

acagcgtcaa

gCtggCgCgt

tcttttacce

thgngth

ttgaccegtyg

tctgggecge

tgggccteta

tcttgcacca

agggcaacct

acattggcac

aagccaccaa

tcatctegge

cggegeagat

ctaagctatce

atctgattga

geegeecgecyg

taatacgact

gagegtttge

tcggteacce

aaccgaggag

ccgagagaga

cgccccacac

tccgacgetyg

tcgatgtgec

tatggtgcag

gaattctgaa

gccgaactag

gaaaagtcge

gcagaacaag

ggataagacg

gtgctttgag

gteggecteg

tctgctecac

cttetteacy

ctttatcatc

gacgcaccge

gcaccggteyg

gtggtttgte

ggaccegete

cttettegee

ctactatgeg

caacgacgaa

ctcgagegte

gcaccaggte

gcactttgeyg

cttettcaag

cttcacgete

tgtagtatgt

gegtgetgeg

gtatccacgg

cactataggg

ttcgagcege

ggtgggtcct

cegecageged

gagcggageyg

gecactttee

gcaggctggt

aacccgagag

cgaaccaact

ctgattcegyg

acaggggagt

gaacgctggg

caacaccagc

aaggtcgagt

tcgaaccteg

geggegetge

gegetegttt

gteggecacy

ggctgcatca

caccaccaca

gtcaaggacc

tacttgaagg

ctecettegee

gegtacgegt

cecgetetttyg

gegacgeegt

gaccgetegt

caccacttgt

gecgegtace

accgcgcace

aaagagtcgg

gctatacteyg

tcgaccatag

gcacgccaaa

agagtcgact

dgagcaaggg

gcactgacge

tggtgcacce

gatgcatagg

acgccegete

agcaactgge

aatccagceca

cccgaagegyg

aggagaaccc

gagcagagag

ctgtgtcacy

agcagcaagce

tccegacget

gecteteget

tctacgegge

gegecaccta

actgcggeca

tgcactctge

agaacacggg

tccaggacgt

tcgggtatge

gegegtegge

acctcacata

tetttgette

ggtacggcga

acggcgegtt

tccegatcat

cgcacctegt

tctttgtcaa

cegeggecge

aatcatgctyg

acgcgggaac

gecattggteg

gagcacaact

ggatggatcg

atctgttetg

gCnggCgtt

aaatcgggec

tctetecgge

agggacaact

gcagggeggt

ceggttetge

tctggaageyg

tgaccctgac

cgtecactte

gacctaagca

cacggagcetce

ctactacacyg

gegetegacyg

catctacgtyg

ctcggectte

gattttgacg

caacattgat

gegecaatgg

ccegegeacyg

cgtcategty

ctegetegge

gttectegte

ctcggagtgg

cgtggacaac

tccgecactac

gegcaagaac

ctacggeget

caaggccaag

ccctgtacgt

gcgggccagce

ataacgctet

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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-continued
gcccagggcet tectggcgag gacccgaggce caacatgcat gcatgtgeta tcagecggtca 2100
tcatecgecct catcagegeg catcggegag ctegegcacyg aacggcaagce gcccaactca 2160
actcacttac tcacactatg gtcttgccgt tggeggttge ttagctaatg cgtgacgtca 2220
ctetgectee aacatcgecga ggcagagtceg cgagcagtge agaggccacyg gcggacgcca 2280
acaaagcgcece aaccagcgca acgcaccagce gggtetgtgg gegtageteg agegggegte 2340
ttcaagagce gccgtggage cgacgceccct gegaagggcet cgagtgcaag cggggecgtt 2400
gagccgcegtyg gtaggaacaa ctgcagtcectce cctatagtga gtegtattac gcggtggtac 2460
cgeccgcecageg cctggtgcac ccgcecgggceg ttgttgtgtg ctettettge ctecgagaga 2520
gagagcggayg cggatgcata ggaaatcggg ccacgeggga gggccatgeg ttegecccac 2580
acgccacttt ccacgccege tetcectcetecg gececggcagge agcgcataac tcetceccgacgce 2640
tggcaggctg gtagcaactyg gcagggacaa ctcgcgegeg ggtcceggte gttecgatgtg 2700
ccaacccgag agaatccagce cagcagggeg gttggectea tegeccacct gctatggtge 2760
agcgaaccaa ctcccgaage ggccggttcet gcgattcect cttcetgaatt ctgaattcetg 2820
aactgattcc ggaggagaac cctctggaag cgegggttge ctctceccagtt ctgeccgaact 2880
agacagggga gtgagcagag agtgaccctg acgcggageyg agetggttge tggaaaagte 2940
gcgaacgcetyg ggetgtgtca cgegtcecact tegggcagte ccecaaacgac aagcagaaca 3000
agcaacacca gcagcagcaa gcgacctaag caacactage caacatggec aagectttgt 3060
ctcaagaaga atccaccctce attgaaagag caacggctac aatcaacagc atccccatct 3120
ctgaagacta cagcgtcgcc agcgcagctce tctcectagega cggccgcatce ttcactggtg 3180
tcaatgtata tcattttact gggggacctt gtgcagaact cgtggtgctg ggcactgctg 3240
ctgctgegge agctggcaac ctgacttgta tcgtcgcecgat cggaaatgag aacaggggca 3300
tcttgagece ctgcggacgg tgccgacagg tgcttctega tectgcatcet gggatcaaag 3360
ccatagtgaa ggacagtgat ggacagccga cggcagttgg gattcgtgaa ttgctgccect 3420
ctggttatgt gtgggagggc taagatccgce gaaatgaccg accaagcgac gcccaacctg 3480
ccatcacgag atttcgattc caccgccgce ttctatgaaa ggttgggctt cggaatcgtt 3540
tteccgggacg ccggctggat gatccteccag cgecggggatce tcatgectgga gttettegece 3600
caccccaact tgtttattge agcttataat ggttacaaat aaagcaatag catcacaaat 3660
ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtccaa actcatcaat 3720
gtatcttatc atgtctgtat accgtcgacc tctagctaga tcectcacatta attgegt 3777
<210> SEQ ID NO 102
<211> LENGTH: 41
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer
<400> SEQUENCE: 102
tecctegecct tgctcaccat gttggctagt gttgettagg t 41

<210> SEQ ID NO 103
<211> LENGTH: 45

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized primer



US 9,150,891 B2
101

-continued

102

<400> SEQUENCE: 103

tggacgagct gtacaagtaa aactaagcta tctgtagtat gtget

<210> SEQ ID NO 104

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 104

atctagaacc gcgtaatacg actcactata gggagac

<210> SEQ ID NO 105

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 105

cgaatattce tggttgatce tgecagtagt

<210> SEQ ID NO 106

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 106

gtaacggctt tttttgaatt gcaggttcac tacggaaacc ttgtta

<210> SEQ ID NO 107

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 107

aaggccgtee tgttcaatca tctagectte ctttgeeget gettget

<210> SEQ ID NO 108

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 108

aggtttccte cacgacccat gttggetagt gttgettagg teget
<210> SEQ ID NO 109

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 109

tctacaagge gcacgactaa aactaageta tctgtagtat gtget

<210> SEQ ID NO 110
<211> LENGTH: 30

45

37

30

46

47

45

45
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103 104

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 110

cgeggtggge accggtgtet gggtcatcge 30

<210> SEQ ID NO 111

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized primer

<400> SEQUENCE: 111

acaccggtge ccaccgegece ctgccagaa 29
<210> SEQ ID NO 112

<211> LENGTH: 437

<212> TYPE: PRT

<213> ORGANISM: Pinguiochrysis pyriformis

<400> SEQUENCE: 112

Met Gly Arg Gly Gly Asn Leu Ser Ser Thr Ala Ala Lys Ala Val Ser
1 5 10 15

Lys Arg Thr Ala Glu Thr Glu Arg Ser Met Lys Arg Met Glu His Leu
20 25 30

Ser Asp Ala Glu Leu Arg Lys Ala Ala Thr Leu Arg Gly Leu Ala Asp
Ala Gly Asp Arg Glu Glu Leu Leu Glu Thr Leu Ala Pro Phe Ala Ala
50 55 60

Gly Val Leu Asp Lys Arg Thr Gln His Thr Met Pro Leu Lys Trp Pro
65 70 75 80

Ala Pro Phe Thr Phe Gly Asp Ile Lys Lys Ala Ile Pro Arg His Cys
85 90 95

Phe Gln Arg Ser Ala Val Lys Ser Phe Met His Leu Ser Val Asp Leu
100 105 110

Ala Met Val Ala Ala Met Ala Tyr Gly Ala Ser Phe Ile Asp Gly Ser
115 120 125

Glu Leu Ala Gly Trp Gln Lys Phe Leu Ala Trp Ser Thr Tyr Trp Phe
130 135 140

Trp Gln Gly Ala Val Gly Thr Gly Val Met Val Ile Ala His Glu Cys
145 150 155 160

Gly His Gln Ala Phe Ser Pro Ser Lys Phe Ile Asn Asp Ser Val Gly
165 170 175

Trp Val Leu His Ser Ala Leu Leu Val Pro Tyr His Ser Trp Arg Ile
180 185 190

Ser His Arg Asn His His Ser Asn Thr Gly Ser Cys Glu Asn Asp Glu
195 200 205

Val Phe Cys Pro Ala Arg Arg Asp Asp Tyr Val Glu Pro His Gly Glu
210 215 220

Leu Met Arg Asp Val Pro Leu Tyr Ser Val Trp Arg Ile Phe Leu Met
225 230 235 240

Leu Thr Phe Gly Trp Met Pro Gly Tyr Leu Phe Met Asn Ala Thr Gly
245 250 255

Pro His Lys Tyr Glu Gly Lys Thr Arg Asp His Phe Asn Pro Lys Ser
260 265 270
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-continued

106

Ala

Gly

Gly

305

Asn

Phe
385
Asp

Ala

Tyr

<210>
<211>
<212>
<213>

<400>

Leu

Phe

290

Pro

His

Pro

Thr

Ile

370

Tyr

Tyr

Met

Lys

Phe

275

Leu

Met

Trp

His

Ile

355

Thr

His

Tyr

Ser

Ala
435

Ala

Leu

Ala

Leu

Tyr

340

Asp

Asp

Ala

Met

Glu

420

His

PRT

SEQUENCE :

Met Cys Lys Gly

1

Gly

Pro

Phe

Ala

65

Asp

Gly

Ile

Thr

145

Ser

Met

Tyr

Thr

Glu

50

Ile

Leu

Gln

His

Ile

130

His

Phe

Leu

Leu

Arg

Ile

Arg

Cys

Pro

Gly

Gln

115

Leu

Arg

Thr

Leu

Leu

Pro

20

Thr

Ser

Ala

Leu

Thr

100

Ala

His

Arg

Pro

Glu
180

Val

Lys

Ala

Val

Val

325

Arg

Arg

Thr

Glu

His

405

Cys

Asp

SEQ ID NO 113
LENGTH:
TYPE :
ORGANISM: Saprolegnia

393

113

Gln

5

Val

Leu

Ala

Gly

Ala

85

Tyr

Phe

Ser

His

Thr
165

Glu

Gly

Glu

Leu

Leu

310

Leu

Gly

Ser

His

Glu

390

Asp

Arg

Ala

Ala

Lys

Ala

Val

70

Ala

Phe

Ser

Leu

His
150
Pro

Ser

Trp

Asp

Ala

295

Lys

Ile

Glu

Phe

Val

375

Ala

Asp

Phe

Pro

Gly

Asp

Thr

55

Phe

Lys

Thr

Ala

Leu

135

Ser

Arg

Pro

Met

Tyr

280

Gly

Tyr

Thr

Glu

Thr

360

Cys

Thr

Thr

Val

Phe

Leu

Tyr

Tyr

Trp

345

Pro

His

Lys

Phe

Asp
425

diclina

Ser

Thr

Leu

40

Ser

Ala

Leu

Gly

Ser

120

Phe

Asn

Ser

Leu

Pro

Lys

Pro

25

Arg

Phe

Val

Val

Ile

105

Glu

Val

Thr

Val

Tyr
185

Gly

Asp

Val

Trp

Leu

330

Asn

Val

His

His

Phe

410

Asn

Ala

10

Glu

Ala

Tyr

Gly

Ala

Trp

Ile

Pro

Gly

Val

170

Asn

Tyr

Ile

Tyr

Met

315

Gln

Trp

Leu

Leu

Ile

395

Pro

Glu

Asp

Pro

Ala

His

Leu

75

Trp

Val

Leu

Tyr

Ser

155

Glu

Leu

Leu

Val

Ala

300

Pro

His

Leu

Asn

Phe

380

Lys

Leu

Gly

Val

Leu

Ile

Leu

60

Lys

Pro

Ile

Asn

His

140

Cys

Ala

Tyr

Phe

Ser

285

Gly

Tyr

Thr

Arg

His

365

His

Lys

Ala

Pro

Phe

Pro

Pro

45

Ala

Leu

Ile

Ala

Asp

125

Ser

Glu

Lys

Gly

Phe

Ser

Tyr

Met

Asp

Gly

350

Leu

Thr

Val

Ala

Val
430

His

Leu

30

Ala

Lys

Ala

Tyr

His

110

Thr

Trp

Asn

His

Ile
190

Asn

Asp

Thr

Trp

Val

335

Ala

Phe

Met

Leu

Tyr

415

Val

Ala

15

Glu

His

Asn

Ala

Trp

Glu

Val

Lys

Asp

Asp

175

Val

Ala

Cys

Phe

Val

320

Asn

Gly

His

Pro

Gly

400

Arg

Phe

Ala

Pro

Cys

Leu

Ala

80

Phe

Cys

Gly

Ile

Glu

160

His

Met

Thr
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-continued

108

Gly

Ala

225

Leu

Phe

Cys

Tyr

Leu

305

Pro

Gly

Arg

Phe
385

195 200

Pro Thr Lys Tyr Ala Gly Leu Ala Lys
210 215

Ala Phe Phe Leu Pro Lys Glu Arg Leu
230

Cys Phe Leu Ala Ala Leu Tyr Gly Phe
245 250

Gly Leu Leu Asp Val Ala Arg His Tyr
260 265

Asn Ala Tyr Leu Val Leu Ile Thr Tyr
275 280

Val Pro His Phe Arg Gly Asp Glu Trp
290 295

Cys Thr Val Asp Arg Ser Phe Gly Ala
310

His Ile Ala Asp Thr His Val Thr His
325 330

Phe Tyr His Ala Ile Glu Ala Thr Asp
340 345

Asp Lys Tyr Leu Ile Asp Pro Thr Pro
355 360

Ser Phe Thr His Cys Lys Tyr Val Glu
370 375

Tyr Lys Arg Lys Leu Glu Glu Lys
390

<210> SEQ ID NO 114

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Mucor circinelloides

<400> SEQUENCE: 114

Met

1

Ile

Trp

Ala

His

Asp

Trp

Glu

Arg
145

Asp

Ala Thr Lys Arg Asn Val Thr Ser Asn
5 10

Ser Ile Ser Asn Lys Ala Val Ile Asp
20 25

Glu Ile Pro Asn Phe Thr Ile Lys Glu
35 40

His Cys Phe Arg Arg Asp Thr Phe Arg
50 55

Asp Ile Ile Ile Met Ser Ile Leu Ala
70

Ser Ile Pro Asn Thr Tyr Ala Arg Ile
85 90

Ile Ala Gln Gly Ile Val Gly Thr Gly
100 105

Cys Gly His Gln Ala Phe Ser Pro Ser
115 120

Gly Tyr Val Leu His Thr Ala Leu Leu
130 135

Phe Ser His Ser Lys His His Lys Ala
150

Gln Val Phe Val Pro Ser Thr Arg Lys
165 170

Ser

Ser

235

Gly

Ile

Leu

Asn

Trp

315

His

Ala

Ile

Asp

Ala

Glu

Ile

Ser

Ile

Ala

Val

Lys

Val

Thr

155

Glu

His

220

Ile

Tyr

Val

Gln

Trp

300

Ile

Ile

Ile

Pro

Asp
380

Pro

Ala

Arg

Phe

60

Gly

Leu

Trp

Thr

Pro
140

Gly

Tyr

205

Phe

Trp

Gly

Pro

His

285

Leu

Asp

Phe

Thr

Leu

365

Gly

Ala

Ile

Asp

45

Thr

Ala

Trp

Val

Ile
125
Tyr

His

Gly

Asn

Trp

Val

Tyr

270

Thr

Arg

Ser

Ser

Pro

350

Ala

Asn

Ala

Glu

30

Ala

His

Ser

Pro

Ile

110

Asn

His

Met

Leu

Pro

Ser

Ser

255

Leu

Asp

Gly

Ala

Lys

335

Leu

Leu

Val

Glu

15

Arg

Ile

Val

Tyr

Leu

95

Gly

Asn

Ser

Ser

Pro
175

Tyr

Asp

240

Val

Ile

Thr

Ala

Ile

320

Thr

Leu

Trp

Val

Asp

Asn

Pro

Leu

Ile

Tyr

His

Ser

Trp

Lys

160

Pro
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110

Arg

Ala

Trp

Trp

225

Phe

Phe

Tyr

Thr

305

Gly

Ala

Thr

Thr

385

Glu

Pro

Pro

210

Ala

Trp

Leu

Tyr

Tyr

290

Trp

Phe

His

Val

Pro

370

Glu

Gln

Ile

195

Leu

Ser

Asp

Ala

Val

275

Leu

Asn

Leu

His

His

355

Val

Asp

Asp

180

Val

Tyr

His

Val

Tyr

260

Ile

Gln

Phe

Leu

Phe

340

Ile

Pro

Glu

Pro

Val

Leu

Phe

Met

245

Cys

Pro

His

Gln

Asp

325

Phe

Lys

Ile

Gly

<210> SEQ ID NO 115

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhizopus oryzae

PRT

<400> SEQUENCE:

Met

1

Val

Ile

Thr

65

Leu

Gly

Ser

Leu

His
145

Ala

Ile

Lys

Phe

50

Leu

Arg

Thr

Pro

Leu
130

Lys

Thr

Asp

Glu

35

Arg

Gly

Leu

Gly

Ser

115

Leu

Ala

Lys

Glu

20

Ile

Ser

Tyr

Leu

Val

100

Lys

Val

Thr

389

115

Arg

5

Ala

Arg

Phe

Leu

Leu

85

Trp

Ala

Pro

Gly

Glu

Leu

Phe

Asn

230

Ser

Gly

Tyr

Thr

Arg

310

Tyr

Ser

Lys

Ala

Asp
390

Asn

Val

Asp

Thr

Ala

70

Trp

Val

Val

Tyr

His
150

Val

Tyr

Thr

215

Pro

Ser

Gln

Leu

Asp

295

Gly

Phe

Thr

Ala

Leu

375

Val

Ile

Ala

Ala

Tyr

55

Thr

Ser

Val

Asn

His

135

Met

Asp

Arg

200

Asn

Lys

Thr

Val

Asn

280

Pro

Ala

His

Met

Leu

360

Trp

Val

Ser

Arg

Ile

40

Val

Tyr

Leu

Gly

Asn

120

Ser

Ser

Gly

185

Met

Val

Cys

Ala

Phe

265

Val

Lys

Ala

His

Pro

345

Gly

Lys

Phe

Ser

Asn

25

Pro

Ile

Ile

Tyr

His

105

Ser

Trp

Lys

Pro

Phe

Ser

Ala

Gly

250

Gly

Asn

Leu

Leu

His

330

His

Lys

Val

Phe

Asn

10

Trp

Ser

His

Asp

Trp

90

Glu

Val

Arg

Asp

His

Leu

Gly

Ile

235

Val

Ser

Phe

Pro

Thr

315

Ile

Tyr

His

Trp

Lys
395

Glu

Glu

His

Asp

Gln

75

Thr

Cys

Gly

Phe

Gln
155

Asp

Gln

Gln

220

Tyr

Leu

Leu

Trp

His

300

Val

Ser

His

Tyr

Lys
380

Pro

Ile

Cys

Phe

60

Val

Ala

Gly

Phe

Ser

140

Val

Ala

Phe

205

Asp

Asp

Gly

Ala

Leu

285

Tyr

Asp

Asp

Ala

His

365

Ser

Glu

Pro

Phe

45

Ala

His

Gln

His

Val

125

His

Phe

Leu

190

Thr

Tyr

Glu

Met

Val

270

Val

Arg

Arg

Thr

Glu

350

Cys

Cys

Asn

Asp

30

Arg

Ile

Ser

Gly

Gln

110

Leu

Ser

Leu

Asp

Phe

Pro

Asn

Ile

255

Ile

Leu

Glu

Ser

His

335

Glu

Asp

Arg

Lys

15

Phe

Arg

Ile

Ala

Ile

95

Ala

His

Lys

Pro

Glu

Gly

Gly

Gln

240

Gly

Lys

Ile

Asn

Tyr

320

Val

Ala

Asn

Phe

Pro

Thr

Asp

Ala

Ala

80

Val

Phe

Thr

His

Lys
160
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112

Thr

Asp

Arg

Asn

Ser

225

Ser

Ile

Cys

Pro

Ala

305

Met

Leu

Trp

385

Arg

Gly

Met

Val

210

Cys

Val

Phe

Val

Lys

290

Ala

His

Pro

Gly

Lys

370

Phe

Glu

Pro

Phe

195

Thr

Asp

Gly

Gly

Asn

275

Leu

Leu

His

His

Lys

355

Val

Tyr

Lys

His

180

Leu

Gly

Ile

Val

Ser

260

Phe

Pro

Thr

Ile

Tyr

340

His

Trp

Lys

Val

165

Asp

Met

Gln

Tyr

Val

245

Leu

Trp

His

Val

Ser

325

His

Tyr

Lys

Asn

<210> SEQ ID NO 116

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mortierella

PRT

<400> SEQUENCE:

Met

1

Ser

Tyr

Ala

Ile

65

Asp

Trp

Glu

Ala

Thr

Gln

His

50

Asp

Lys

Ile

Cys

Gly

Pro

Ser

Leu

35

Cys

Leu

Phe

Met

Gly
115

Trp

Pro

Ala

Pro

Phe

Thr

Glu

Gln

100

His

Ile

400

116

Asn

5

Ala

Glu

Glu

Trp

Asn
85
Gly

Gln

Leu

Gly

Val

Phe

Asp

Glu

230

Gly

Asn

Leu

Tyr

Asp

310

Asp

Ala

His

Ser

Thr

Pro

Phe

Arg

Ala

70

Pro

Ile

Ser

His

Leu

Leu

Leu

Tyr

215

Glu

Met

Met

Val

Arg

295

Arg

Thr

Glu

Cys

Cys
375

Ile

Thr

Thr

Ser

55

Ser

Leu

Val

Phe

Ser

Pro

Asp

Phe

200

Pro

Gly

Val

Ile

Leu

280

Glu

Ser

His

Glu

Asp

360

Arg

Pro

Glu

185

Gly

Gly

Gln

Gly

Lys

265

Ile

Asn

Tyr

Val

Ala

345

Asn

Phe

alpina

Asp

Ser

Ile

40

Gly

Leu

Ile

Cys

Ser
120

Met

Ala

Ala

Lys

Leu

Leu

Arg

Thr

105

Thr

Leu

Arg

170

Thr

Trp

Trp

Tyr

Leu

250

Tyr

Thr

Val

Gly

Ala

330

Thr

Thr

Val

Gly

10

Lys

Glu

Arg

Phe

Tyr
90
Gly

Ser

Leu

Asp

Pro

Pro

Ala

Trp

235

Leu

Tyr

Tyr

Trp

Ala

315

His

Val

Pro

Glu

Leu

Pro

Ile

Gly

Leu

75

Leu

Ile

Lys

Val

Lys

Ile

Leu

Ser

220

Asp

Gly

Val

Leu

Asn

300

Leu

His

His

Ile

Ser
380

Thr

Ala

Arg

Leu

60

Ala

Ala

Trp

Thr

Pro

Asp

Val

Tyr

205

His

Val

Tyr

Ile

Gln

285

Phe

Ile

Phe

Ile

Pro

365

Glu

Gln

Phe

Glu

45

Cys

Ala

Trp

Val

Leu
125

Tyr

Pro

Val

190

Leu

Phe

Val

Cys

Pro

270

His

Gln

Asn

Phe

Lys

350

Ile

Gly

Arg

Glu

30

Cys

His

Thr

Pro

Leu
110

Asn

His

Gln

175

Leu

Phe

Asn

Ser

Gly

255

Tyr

Thr

Arg

Tyr

Ser

335

Lys

Ala

Asp

His

15

Arg

Ile

Val

Gln

Ala

95

Ala

Asn

Ser

Ala

Tyr

Thr

Pro

Ser

240

Gln

Leu

Asp

Gly

Phe

320

Thr

Ala

Leu

Val

Ile

Asn

Pro

Ala

Ile

80

Tyr

His

Thr

Trp
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114

Arg

145

Asp

Lys

Leu

Phe

Asp

225

Glu

Ala

Thr

Leu

Tyr

305

Asp

Ala

Glu
385

130

Ile

Gln

Glu

Asp

Leu

210

Tyr

Pro

Ala

Val

Val

290

Arg

Arg

Thr

Glu

Tyr

370

Cys

Ser

Val

Asn

Glu

195

Phe

Gly

Arg

Leu

Thr

275

Leu

Glu

Ser

His

Glu

355

Asp

Arg

His

Phe

Val

180

Glu

Gly

Arg

Asn

Gly

260

Lys

Ile

Gly

Phe

Val

340

Ala

Pro

Phe

Ser Lys
150

Val Pro
165

Ala Val

Ala Pro

Trp Pro

Trp Thr

230

Phe Phe
245

Thr Leu

Tyr Tyr

Thr Phe

Ala Trp

310
Gly Lys

325

Ala His

Thr His

Ser Pro

Val Glu
390

<210> SEQ ID NO 117

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ser

Phe

65

Phe

Met

Leu

Thr

Leu

Thr

50

Gln

Gln

Leu

Pro

Val

Asn

35

Leu

Arg

Leu

Asp

Lys

Asn

20

Ala

Met

Ser

Phe

Ser
100

408

135
His

Lys

Ala

Ile

Ala

215

Ser

Asp

Ile

Ile

Leu

295

Asn

Phe

His

His

Ile

375

Asp

Trypanosoma

117

Gln Gln
5

Thr Glu

Gly Arg

Val Arg

Met Trp
70

Leu Thr
85

Ser Leu

Met

Ala

Ser

Asp

55

Arg

Phe

Leu

His

Thr

Val

Val

200

Tyr

His

Ile

Tyr

Val

280

Gln

Phe

Leu

Leu

Leu

360

Val

His

Lys

Arg

Gln

185

Thr

Leu

Phe

Ile

Ala

265

Pro

His

Gln

Asp

Phe

345

Lys

Val

Gly

brucei

Gly

Thr

Glu

40

Ile

Ser

Val

Asn

Gly

Asp

25

Lys

Gln

Phe

Ile

Ala
105

Ala

Ser

170

Glu

Leu

Ile

His

Ile

250

Ser

Tyr

Thr

Arg

His

330

Ser

Lys

Ala

Asp

Ser
10

Pro

Val

Glu

Ser

Met

90

Val

Thr

155

Gln

Glu

Phe

Met

Thr

235

Ser

Met

Leu

Asp

Gly

315

Met

Gln

Leu

Val

Val
395

Val

Ser

Asn

Gln

Tyr

Tyr

Pro

140

Gly

Val

Asp

Trp

Asn

220

Tyr

Asp

Gln

Phe

Pro

300

Ala

Phe

Met

Leu

Trp

380

Val

Cys

Glu

Val

Ile

60

Leu

Asn

Pro

His

Gly

Met

Met

205

Ala

Ser

Leu

Leu

Val

285

Lys

Leu

His

Pro

Gly

365

Arg

Phe

Asn

Ala

Tyr

45

Pro

Ser

Phe

Val

Met

Leu

Ser

190

Val

Ser

Pro

Gly

Ser

270

Asn

Leu

Cys

Gly

Phe

350

Glu

Ser

Phe

Ala

Lys

30

Val

Ala

Arg

Val

Ala
110

Thr

Pro

175

Val

Ile

Gly

Ile

Val

255

Leu

Phe

Pro

Thr

Ile

335

Tyr

Tyr

Phe

Lys

Ser

15

Lys

Pro

Glu

Asp

Leu
95

Trp

Lys

160

Pro

His

Gln

Gln

Phe

240

Leu

Leu

Trp

His

Val

320

Val

His

Tyr

Arg

Lys
400

Ile

Ile

Pro

Tyr

Met

80

Pro

Leu
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-continued

116

Ser

Gly

Cys

145

Ala

Gln

Leu

Leu

225

Asp

Ser

Tyr

Ser

305

Arg

Ser

Ser

Arg

Lys

385

Glu

<210>
<211>
<212>
<213>

<400>

Arg

Thr

130

Asn

Leu

Lys

Arg

Trp

210

Val

Pro

Ser

Trp

Leu

290

Asp

Gly

Trp

Gln

Asp

370

Ser

Gly

Ala

115

Ala

Ser

Leu

His

Ser

195

Asn

Asn

Asn

Asn

Ser

275

Trp

Val

Ala

Leu

Met

355

Ile

Leu

Ile

Ala

Leu

Arg

Val

Thr

180

Ala

Met

Val

Ala

Met

260

Phe

Val

Arg

Val

His

340

Pro

Leu

Val

Cys

PRT

SEQUENCE :

Met Gly Arg Gly

1

Gly Gly Ala

Asp

Thr

Phe
65

Val

Thr
50

His

Thr
35

Asp

Cys

Gly
20
Asn

Gly

Arg

Ala

Trp

Arg

Pro

165

Asn

Val

Ala

Gly

Pro

245

Gly

Gly

Asn

Leu

Ala

325

His

His

Gly

His

Ile
405

SEQ ID NO 118
LENGTH:
TYPE :
ORGANISM:

439

Trp

Val

Val

150

Tyr

His

Gly

Leu

Gly

230

Phe

Val

Phe

Phe

Pro

310

Ala

Ile

Tyr

Asp

Thr

390

Thr

Met

Leu

135

Asn

His

Leu

Glu

Met

215

Gln

Phe

Leu

Ala

Trp

295

His

Val

Asn

Asn

Leu

375

Trp

Arg

Ile

120

Ala

Asn

Ser

Thr

Ala

200

Phe

Lys

Arg

Leu

Val

280

Leu

Tyr

Asp

Asp

Ala

360

Tyr

Arg

Ser

Tyr

His

Ala

Trp

Lys

185

Val

Leu

Phe

Arg

Thr

265

Val

Val

Thr

Arg

Ser

345

Ile

Val

Glu

Trp

Glu

Val

Arg

170

Asp

Glu

Phe

Asp

Ala

250

Leu

Val

Tyr

His

Asp

330

His

Glu

Thr

Cys

Thraustochytrium aureum

118

Gly

5

Thr

Phe

Thr

Ser

Glu

Arg

Arg

Glu

Gly
70

Gly

Lys

His

Ala

55

Lys

Gln

Thr

Pro

40

Val

Ala

Val

Ile

25

Gly

Asp

Glu

Asn

10

Leu

Gly

Ala

Lys

Phe

Cys

Gly

155

Leu

Leu

Glu

Gly

Arg

235

Asp

Ser

Arg

Ile

Asp

315

Phe

Val

Val

Asp

Arg
395

Ser

Ile

Ser

Thr

Tyr
75

Val

Gly

140

Met

Thr

Val

Ala

Trp

220

Phe

Tyr

Ile

Trp

Thr

300

His

Gly

Val

Thr

Ala

380

Tyr

Val

Glu

Ile

Asn

60

Leu

Gln Gly Leu

125
His

Ile

His

Phe

Pro

205

Pro

Thr

Asn

Leu

Tyr

285

Tyr

Trp

Pro

His

Arg

365

Lys

Val

Gln

Gly

Ile

45

Ala

Lys

Gln

Leu

Gly

Val

190

Ile

Met

Ser

Asn

Gly

270

Leu

Met

Thr

Leu

His

350

Lys

Pro

Val

Val

Glu

30

Lys

Phe

Ser

Ala

His

Thr

175

Pro

Val

His

His

Val

255

Ala

Ile

Gln

Tyr

Leu

335

Leu

His

Leu

Pro

Ala

15

Val

Phe

Arg

Leu

Asn

Phe

Ser

160

His

Val

Met

Leu

Phe

240

Met

Cys

Pro

His

Val

320

Asn

Phe

Ile

Leu

Ser
400

Gln

Tyr

Leu

Glu

Pro
80
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-continued

118

Lys

Arg

Phe

Met

145

Ile

Ser

Tyr

Ser

Asp

225

Arg

Phe

Leu

Ala

Gly

305

Phe

Leu

Ala

Trp

Leu

385

Phe

Leu

Gln

Leu

Arg

Ala

Ala

130

Arg

Ala

Met

Gly

Lys

210

Thr

Pro

Ala

His

Val

290

Tyr

Gly

Asp

Leu

Met

370

Pro

Glu

Gly

Ala

Gly

Asp

Glu

115

Glu

Gly

Gln

Thr

Val

195

His

Leu

Gly

Pro

Pro

275

Ala

Ser

Cys

Val

His

355

Ser

Gln

Lys

Asp

Ala
435

Ala

Ala

100

Gly

Ile

Asn

Gly

Gly

180

Gly

His

Pro

Ser

Val

260

Arg

Val

Gly

Thr

Thr

340

Thr

Tyr

Leu

His

Thr
420

Ala

Pro

85

Ile

Leu

Ala

Val

Arg

165

Tyr

Cys

Ala

Leu

Phe

245

Ser

His

Arg

Ser

Tyr

325

Glu

Thr

Leu

Asn

Gly

405

Phe

Lys

<210> SEQ ID NO 119

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thraustochytrium sp. ATCC21685

PRT

<400> SEQUENCE:

439

119

Ser

Thr

Phe

Ala

Phe

150

Cys

Ile

Ser

Thr

Val

230

Gln

Cys

Met

Val

Asp

310

Ile

Pro

Asn

Asn

Ala

390

Met

Ala

Ala

Lys

Arg

Lys

Leu

135

Ala

Gly

Pro

Met

Pro

215

Ala

Ala

Phe

Leu

Val

295

Ser

Phe

Asp

Val

Phe

375

Pro

Ala

Asn

Ala

Met

Asp

Pro

120

Phe

Thr

Trp

Leu

Ser

200

Gln

Phe

Lys

Leu

Arg

280

Gly

Phe

Thr

Glu

Ser

360

Gln

Arg

Tyr

Leu

Lys

Tyr

105

Ala

Ala

Leu

Leu

Asp

185

Ala

Lys

Asn

Trp

Val

265

Thr

Trp

Gly

Asn

Phe

345

Asn

Ile

Val

Asp

His
425

Phe

90

Val

Pro

Ala

Ala

Met

170

Val

Ser

Leu

Glu

Leu

250

Gly

Ser

Ala

Leu

Phe

330

Leu

Asp

Glu

Ala

Glu

410

Ala

Asp

Lys

Leu

Ser

Ala

155

His

Arg

Trp

Lys

Lys

235

Ser

Leu

His

Ala

Tyr

315

Ala

His

Ser

His

Pro

395

Arg

Val

Ala

Leu

His

Phe

140

Ile

Glu

Leu

Trp

His

220

Ile

Ala

Phe

Phe

Leu

300

Met

Val

Trp

Trp

His

380

Arg

Pro

Gly

Lys

Arg

Ile

125

Tyr

Ala

Cys

Gln

Arg

205

Asp

Ala

Gln

Trp

Ala

285

Met

Ala

Ser

Val

Phe

365

Leu

Val

Tyr

Gln

Glu

Glu

110

Val

Leu

Val

Gly

Glu

190

Val

Val

Ala

Ala

Thr

270

Glu

His

Thr

His

Glu

350

Ile

Phe

Arg

Pro

Asn
430

Gln

95

Glu

Tyr

Phe

Gly

His

175

Leu

Gln

Asp

Lys

Tyr

255

Leu

Met

Ser

Phe

Thr

335

Tyr

Thr

Pro

Ala

Thr

415

Ala

Ala

Met

Arg

Ser

Gly

160

Phe

Val

His

Leu

Val

240

Ile

Phe

Ala

Phe

Gly

320

His

Ala

Trp

Ser

Leu

400

Ala

Gly

Met Gly Lys Gly Ser Glu Gly Arg Ser Ala Ala Arg Glu Met Thr Ala
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-continued

120

Glu

Tyr

Leu

Phe

65

Lys

Ala

Leu

Arg

Ser

145

Ile

Ser

Tyr

Ser

Asn

225

Lys

Phe

Leu

Trp

Gly

305

Leu

Leu

Ala

Trp

Ala
385

Phe

Ala

Asp

Thr

50

His

Leu

Arg

Val

Val

130

Lys

Ala

Phe

Gly

Lys

210

Thr

Pro

Ala

His

Ile

290

Tyr

Gly

Pro

Asp

Met
370
Pro

Lys

Ser

Asn

Ala

35

Glu

Gln

Asp

Arg

Ala

115

Val

Ala

Gln

Thr

Val

195

His

Leu

Gly

Pro

Pro

275

Phe

Ser

Cys

Val

His

355

Ser

Gln

Arg

Thr

Gly

20

Thr

Gly

Arg

Ala

Asp

100

Glu

Glu

Ser

Gly

Gly

180

Gly

His

Pro

Ser

Val

260

Arg

Ala

Pro

Ile

Thr

340

Thr

Asn

Phe

His

Thr
420

Asp

Asn

Glu

Ser

Ser

85

Ala

Gly

Ile

Pro

Arg

165

Val

Cys

Ala

Leu

Leu

245

Ser

Tyr

Arg

Gly

Tyr

325

Asn

Val

Leu

Arg

Asn
405

Phe

Lys

Phe

Ala

Gly

Lys

Met

Tyr

Val

Thr

150

Cys

Ile

Gly

Ala

Val

230

Leu

Cys

Met

Tyr

Thr

310

Ile

Pro

Asn

Asn

Phe
390

Leu

Ala

Arg

Lys

Gly

55

Lys

Val

Thr

Phe

Ala

135

Ser

Gly

Trp

Met

Pro

215

Ala

Ala

Leu

Leu

Ile

295

Ser

Phe

Glu

Ile

Phe
375
Lys

Pro

Asn

Lys

His

40

Val

Ala

Glu

Arg

Asp

120

Leu

Leu

Trp

Leu

Ser

200

Asn

Phe

Leu

Leu

Arg

280

Gly

Val

Leu

Asp

Ser

360

Gln

Glu

Tyr

Leu

Thr

25

Pro

Asp

Asp

Ser

Asp

105

Pro

Phe

Val

Val

Asp

185

Gly

Arg

Asn

Trp

Ile

265

Thr

Trp

Gly

Gln

Gln

345

Thr

Ile

Ile

Tyr

Tyr
425

10

Ile

Gly

Ala

Lys

Arg

90

Tyr

Ser

Ala

Leu

Met

170

Asp

His

Leu

Glu

Leu

250

Gly

Lys

Phe

Met

Phe

330

Leu

Lys

Glu

Ser

Asp
410

Ser

Leu

Gly

Thr

Tyr

75

Phe

Ala

Ile

Leu

Gly

155

His

Arg

Tyr

Glu

Arg

235

Arg

Leu

Arg

Ser

Tyr

315

Ala

His

Ser

His

Pro
395

Leu

Val

Ile

Ser

Gln

60

Leu

Ser

Ala

Pro

Ser

140

Glu

Met

Trp

His

220

Val

Val

Gly

His

Leu

300

Leu

Val

Trp

Trp

His

380

Arg

Pro

Gly

Glu

Ile

45

Ala

Lys

Ala

Phe

His

125

Phe

Val

Met

Cys

Lys

205

Asp

Val

Gln

Trp

Met

285

Met

Cys

Ser

Leu

Leu

365

Leu

Val

Tyr

His

Gly

30

Ile

Tyr

Ser

Lys

Arg

110

Met

Trp

Met

Gly

Glu

190

Asn

Val

Arg

Ala

Thr

270

Glu

Gly

Ser

His

Glu

350

Val

Phe

Glu

Thr

Ser
430

15

Val

Asn

Arg

Leu

Glu

95

Glu

Ile

Leu

Asn

His

175

Phe

Gln

Asp

Lys

Tyr

255

Leu

Phe

Ala

Phe

Thr

335

Tyr

Thr

Pro

Ala

Ser
415

Val

Leu

Phe

Glu

Pro

80

Gln

Glu

Tyr

Met

Gly

160

Gly

Phe

His

Leu

Val

240

Leu

Tyr

Val

Leu

Gly

320

His

Ala

Trp

Thr

Leu
400

Ala

Gly
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-continued

122

Ala Asp Thr Lys Lys Gln Asp

435

<210> SEQ ID NO 120

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Asp

Ile

Gln

Pro

65

Lys

Cys

Arg

Phe

Ala

145

Gly

Lys

Thr

Arg

225

Gly

Ile

Ser
305
Pro

Ile

Gly

Ala

Gly

Leu

Phe

50

Asn

Arg

Val

Phe

Arg

130

Glu

Thr

Leu

His

Leu

210

Asn

Pro

Val

Leu

Ser

290

Ala

Met

Tyr

Tyr

Leu

Val

Lys

35

His

Arg

Leu

Glu

Ser

115

Leu

Gly

Gly

Gly

His

195

Pro

Ala

Val

Arg

Cys

275

Phe

Ala

Leu

Thr

Leu

Asp

Leu

20

Tyr

Leu

Pro

Glu

Glu

100

Glu

Pro

Arg

Ile

Asp

180

Ala

Leu

Ser

Thr

His

260

Arg

Trp

Tyr

Pro

Met
340

Asn

417

Leishmania major strain

120

Asn

5

Tyr

Tyr

Lys

Ala

Lys

85

Gly

Leu

Ile

Cys

Pro

165

Gly

Thr

Val

Ile

Cys

245

Ala

Trp

Gln

Ile

Glu
325

Asn

Tyr

Val

Asp

Leu

Leu

Pro

70

Leu

Leu

Ile

Leu

Gly

150

Trp

Met

Pro

Ala

Arg

230

Ser

Met

Ile

Gly

Phe
310
Asp

Val

Gln

Arg

Cys

Gly

Pro

55

Pro

Ser

Phe

Leu

Trp

135

Trp

Leu

Ser

Gln

Phe

215

Arg

Leu

Arg

Val

Leu

295

Ile

Glu

Thr

Val

Pro

Thr

Ser

40

Arg

Gln

Arg

Asn

Met

120

Pro

Trp

Asp

Ala

Lys

200

Asn

Trp

Val

Thr

Val

280

Gly

Asn

His

Pro

Glu

His

Asp

25

Gly

Ala

His

Asp

Ala

105

His

Val

Met

Ile

Ser

185

His

Lys

Ile

Ala

Gln

265

Gly

Gly

Phe

Ala

Ser
345

His

Gln

10

Phe

Asp

Asp

Ser

Phe

90

Ser

Ala

Ala

His

Lys

170

Trp

Arg

Ile

Ser

Leu

250

Arg

Val

Val

Ala

His
330

Trp

His

Friedlin

Pro

Arg

Ala

Lys

Val

75

Lys

Trp

Ile

Leu

Glu

155

Ile

Trp

His

Ile

Leu

235

Tyr

Tyr

Ile

Leu

Leu

315

Phe

Phe

Leu

Asn

His

Thr

Tyr

60

Asn

Ala

Pro

Gly

Val

140

Ala

Gln

Arg

Asp

Ala

220

Gln

Trp

Thr

Cys

Phe

300

Asn

Val

Val

Phe

Glu

Pro

Glu

45

Leu

Val

Leu

His

Leu

125

Ile

Gly

Glu

Ser

Val

205

Arg

Met

Gln

Glu

His

285

Ser

His

Glu

Thr

Pro

Val

Gly

30

Thr

Lys

Asp

Gln

Ile

110

Tyr

Leu

His

Val

Gln

190

Asp

Arg

Phe

Leu

Gly

270

Gln

Gln

Ser

Tyr

Trp

350

Thr

Leu

15

Gly

Tyr

Arg

Glu

Asp

95

Val

Met

Gly

Tyr

Leu

175

His

Leu

Gly

Leu

Phe

255

Ser

Leu

Ala

His

Ala
335

Phe

Met

Ile

Ser

Gln

Leu

Gln

80

Ala

Tyr

Leu

Val

Ser

160

Tyr

Asn

Glu

Lys

Phe

240

Leu

Ala

Gln

Phe

Leu

320

Ala

Met

Pro



123

US 9,150,891 B2

-continued

124

Gln
Glu
385

Lys

Asn

Phe
370

Asn

Thr

355

Arg Phe Val

Gly Leu Lys

Phe Lys Asn

405

<210> SEQ ID NO 121

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Arg

Ser

Tyr

65

Lys

Ala

Asp

Lys

Leu

145

Ala

Ser

Gly

Lys

225

Phe

Lys

Gly

Phe

Phe

Ala

Gln

Glu

Asp

50

Ala

Gly

Pro

Glu

Ala

130

Asp

Pro

Gly

Thr

Ala

210

Pro

Phe

Lys

Pro

Val
290

Tyr

Pro

Thr

Lys

35

Phe

Gly

Leu

Glu

Phe

115

Asn

Val

Phe

Trp

Trp

195

Pro

Asn

Ala

His

Pro
275

Val

Ala

Asp

Arg

20

Glu

Ser

Gln

Val

Gln

100

Arg

His

Ala

Ile

Leu

180

Asn

Ala

Cys

Leu

Met

260

Ala

Gln

Arg

447

Mus
121

Pro

5

Tyr

Arg

Arg

Asp

Arg

85

Pro

Glu

Leu

Ala

Leu

165

Gln

His

Ser

Phe

Gly

245

Pro

Leu

Arg

Ile

360

Gln Leu Ala
375

Tyr Asp Ser
390

Leu Gly Asp

musculus

Val Pro Thr

Phe Thr Trp

Trp Leu Val

40

Arg His Pro
55

Ala Thr Asp
70

Lys Tyr Met

Ser Phe Glu

Leu Arg Ala

120

Phe Phe Leu
135

Trp Leu Thr
150

Cys Ala Val

His Asp Phe

Leu Leu His
200

Trp Trp Asn
215

Arg Lys Asp
230

Lys Val Leu

Tyr Asn His

Leu Pro Leu
280

Lys Lys Trp
295

Phe Phe Thr

Pro

Arg

Val

Pro

Glu

25

Ile

Gly

Pro

Asn

Pro

105

Thr

Val

Leu

Leu

Gly

185

His

His

Pro

Pro

Gln
265
Tyr

Val

Tyr

Arg

Pro

Ala
410

Gly

10

Glu

Asp

Gly

Phe

Ser

90

Thr

Val

Tyr

Trp

Leu

170

His

Phe

Met

Asp

Val

250

His

Phe

Asp

Met

Val
Tyr
395

Glu

Pro

Val

Arg

Ser

Val

75

Leu

Lys

Glu

Leu

Ile

155

Ser

Leu

Val

His

Ile

235

Glu

Lys

Gln

Leu

Pro

Arg
380
Met

Phe

Ala

Ala

Lys

Arg

60

Ala

Leu

Asn

Arg

Leu

140

Phe

Thr

Ser

Ile

Phe

220

Asn

Leu

Tyr

Trp

Ala
300

Leu

365

Lys

Glu

Ile

Ser

Gln

Val

45

Val

Phe

Ile

Lys

Met

125

His

Gly

Val

Val

Gly

205

Gln

Met

Gly

Phe

Tyr
285

Trp

Leu

Leu

Ser

Val

Ala

Arg

Tyr

Ile

His

Gly

Ala

110

Gly

Ile

Thr

Gln

Phe

190

His

His

His

Arg

Phe
270
Ile

Met

Gly

Phe

Leu

Ala
415

Gln

15

Ser

Asn

Ser

Ile

Glu

95

Leu

Leu

Leu

Ser

Ala

175

Gly

Leu

His

Pro

Glu

255

Leu

Phe

Leu

Leu

Glu
Gln
400

Gly

Leu

Gly

Ile

His

Asn

80

Leu

Thr

Met

Leu

Leu

160

Gln

Thr

Lys

Ala

Leu

240

Lys

Ile

Tyr

Ser

Lys
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-continued

126

305

Gly

Phe

Asp

Gln
385
Lys

Tyr

Leu

<210>
<211>
<212>
<213>

<400>

Phe

Val

Arg

His

370

Ile

Val

Glu

Lys

Leu

Trp

Asn

355

Gln

Glu

Ala

Ser

Glu
435

Gly

Val

340

Val

Ser

His

Pro

Lys

420

Ser

PRT

SEQUENCE :

Met Ala Pro Asp

1

Arg

Arg

Ser

Tyr

65

Lys

Ala

Asp

Lys

Leu

145

Ala

Ser

Gly

Lys
225

Gln

Glu

Asp

50

Ala

Gly

Pro

Glu

Ala

130

Asp

Pro

Gly

Thr

Ala
210

Pro

Met

Lys

35

Phe

Gly

Leu

Glu

Phe

115

Asn

Val

Phe

Trp

Trp

195

Pro

Asn

Arg

20

Glu

Ser

Gln

Val

Gln

100

Arg

His

Ala

Thr

Leu

180

Asn

Ala

Cys

Leu

325

Thr

Asp

Ala

His

Leu

405

Pro

Gly

SEQ ID NO 122
LENGTH:
TYPE :
ORGANISM: Rattus norvegicus

447

122

Pro

5

Tyr

Arg

Arg

Asp

Glu

85

Ser

Glu

Leu

Ala

Leu

165

Gln

His

Ser

Phe

310

Phe

Gln

Trp

Phe

Leu

390

Val

Leu

Gln

Val

Phe

Trp

Arg

Ala

70

Lys

Ser

Leu

Phe

Trp

150

Cys

His

Leu

Trp

Arg
230

Phe

Met

Val

Asn

375

Phe

Gln

Leu

Leu

Gln

Thr

Leu

His

55

Thr

Tyr

Phe

Arg

Phe

135

Leu

Ala

Asp

Val

Trp

215

Lys

Ile

Asn

Ser

360

Asn

Pro

Ser

Thr

Trp
440

Thr

Trp

Val

40

Pro

Asp

Met

Glu

Ala

120

Leu

Thr

Val

Phe

His
200

Asn

Asp

Val

His

345

Thr

Trp

Thr

Leu

Ala

425

Leu

Pro

Glu

25

Ile

Gly

Arg

Asn

Pro

105

Thr

Phe

Leu

Leu

Gly

185

His

His

Pro

Arg

330

Ile

Gln

Phe

Met

Cys

410

Phe

Asp

Asp

Glu

Asp

Gly

Phe

Ser

90

Thr

Val

Tyr

Trp

Leu

170

His

Phe

Met

Asp

315

Phe

Pro

Leu

Ser

Pro

395

Ala

Ala

Ala

Pro

Val

Arg

Ser

Val

75

Leu

Lys

Glu

Leu

Ile

155

Ser

Leu

Val

His

Ile
235

Leu

Met

Gln

Gly

380

Arg

Lys

Asp

Tyr

Ala

Ala

Lys

Arg

60

Ala

Leu

Asn

Arg

Leu

140

Phe

Thr

Ser

Ile

Phe

220

Asn

Glu

His

Ala

365

His

His

Tyr

Ile

Leu
445

Ser

Gln

Val

45

Val

Phe

Ile

Lys

Met

125

His

Gly

Val

Val

Gly
205

Gln

Met

Ser

Ile

350

Thr

Leu

Asn

Gly

Val

430

His

Ala

Arg

30

Tyr

Ile

His

Gly

Ala

110

Gly

Ile

Thr

Gln

Phe
190
His

His

His

Asn

335

Asp

Cys

Asn

Tyr

Ile

415

Tyr

Gln

Gln

15

Ser

Asn

Ser

Ile

Glu

95

Leu

Leu

Leu

Ser

Ala

175

Ser

Leu

His

Pro

320

Trp

His

Asn

Phe

His

400

Lys

Ser

Leu

Gly

Ile

His

Asn

80

Leu

Thr

Met

Leu

Leu

160

Gln

Thr

Lys

Ala

Leu
240
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-continued

128

Phe

Lys

Gly

Phe

Phe

305

Gly

Phe

Asp

Gln
385
Lys

Tyr

Leu

Phe

Lys

Pro

Val

290

Tyr

Leu

Val

Arg

His

370

Ile

Val

Glu

Lys

Ala

His

Pro

275

Val

Val

Leu

Trp

Asn

355

Gln

Glu

Ala

Ser

Glu
435

Leu

Met

260

Ala

Gln

Arg

Cys

Val

340

Val

Ser

His

Pro

Lys

420

Ser

Gly

245

Pro

Leu

Arg

Val

Leu

325

Thr

Asp

Ala

His

Leu

405

Pro

Gly

<210> SEQ ID NO 123

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Pro

Glu

Thr

Gln

65

Gln

Arg

Ala
145

Leu

Ala

Arg

Arg

Arg

50

Asp

Lys

Pro

Glu

Val

130

Ala

Leu

Pro

Tyr

Trp

35

Arg

Ala

Lys

Ser

Leu

115

Phe

Trp

Cys

Asp

Phe

20

Leu

His

Thr

Tyr

Phe

100

Arg

Phe

Leu

Ala

444

Lys

Tyr

Leu

Lys

Phe

310

Phe

Gln

Trp

Phe

Leu

390

Val

Leu

Gln

Val

Asn

Pro

Lys

295

Phe

Phe

Met

Val

Asn

375

Leu

Gln

Leu

Leu

Homo sapiens

123

Pro

5

Thr

Val

Pro

Asp

Met

85

Glu

Ala

Leu

Thr

Val
165

Leu

Trp

Ile

Gly

Pro

70

Asn

Pro

Thr

Leu

Leu

150

Leu

Ala

Asp

Asp

Gly

55

Phe

Ser

Thr

Val

Tyr
135

Trp

Leu

Leu

His

Leu

280

Trp

Thr

Ile

Asn

Ser

360

Asn

Pro

Ser

Thr

Trp
440

Ala

Glu

Arg

40

Ser

Val

Leu

Lys

Glu

120

Leu

Val

Ser

Ser

Gln

265

Tyr

Val

Tyr

Val

His

345

Thr

Trp

Thr

Leu

Ala

425

Leu

Glu

Val

25

Lys

Arg

Ala

Leu

Asn

105

Arg

Leu

Phe

Ala

Val

250

His

Phe

Asp

Met

Arg

330

Ile

Gln

Phe

Met

Cys

410

Phe

Asp

Thr

10

Ala

Val

Val

Phe

Ile

90

Lys

Met

His

Gly

Val
170

Glu

Lys

Gln

Leu

Pro

315

Phe

Pro

Leu

Ser

Pro

395

Ala

Ala

Ala

Ala

Gln

Tyr

Ile

His

Gly

Glu

Gly

Ile

Thr

155

Gln

Leu

Tyr

Trp

Ala

300

Leu

Leu

Met

Gln

Gly

380

Arg

Lys

Asp

Tyr

Ala

Arg

Asn

Ser

60

Ile

Glu

Leu

Leu

Leu

140

Ser

Ala

Gly

Phe

Tyr

285

Trp

Leu

Glu

His

Ala

365

His

His

Tyr

Ile

Leu
445

Gln

Ser

Ile

45

His

Asn

Leu

Thr

Met

125

Leu

Phe

Gln

Lys

Phe

270

Ile

Met

Gly

Ser

Ile

350

Thr

Leu

Asn

Gly

Val

430

His

Gly

Gly

30

Ser

Tyr

Lys

Ser

Asp

110

Lys

Leu

Leu

Ala

Glu

255

Leu

Phe

Leu

Leu

Asn

335

Asp

Cys

Asn

Tyr

Ile

415

Tyr

Gln

Leu

15

Cys

Glu

Ala

Gly

Pro

95

Glu

Ala

Asp

Pro

Gly
175

Lys

Ile

Tyr

Ser

Lys

320

Trp

His

Asn

Phe

His

400

Lys

Ser

Thr

Glu

Phe

Gly

Leu

80

Glu

Phe

Asn

Gly

Phe
160

Trp
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-continued

130

Leu

Asn

Ala

Cys

225

Leu

Met

Ala

Gln

Arg

305

Gly

Met

Ser

His

385

Pro

Lys

Ser

Gln

His

Ser

210

Phe

Gly

Pro

Leu

Arg

290

Phe

Leu

Thr

Asp

Ala

370

His

Leu

Pro

Gly

His

Leu

195

Trp

Arg

Lys

Tyr

Leu

275

Lys

Phe

Phe

Gln

Trp

355

Phe

Leu

Val

Leu

Gln
435

Asp

180

Leu

Trp

Lys

Ile

Asn

260

Pro

Lys

Leu

Phe

Met

340

Val

Asn

Phe

Gln

Leu

420

Leu

Phe

His

Asn

Asp

Leu

245

His

Leu

Trp

Thr

Ile

325

Asn

Ser

Asp

Pro

Ser

405

Ser

Trp

<210> SEQ ID NO 124

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Gly

Gly

Leu
65

Asp

Ile

Val

Lys

Ser

Thr

50

Lys

Asp

Ser

Leu

Trp

Ala

35

Phe

Lys

Pro

Glu

Arg

Cys

20

Ile

His

Glu

Ile

Lys

447

Gly

His

His

Pro

230

Ser

Gln

Tyr

Val

Tyr

310

Val

His

Thr

Trp

Thr

390

Leu

Ala

Leu

His

Phe

Met

215

Asp

Val

His

Phe

Asp

295

Val

Arg

Ile

Gln

Phe

375

Met

Cys

Phe

Asp

Leu

Val

200

His

Ile

Glu

Lys

Gln

280

Leu

Pro

Phe

Pro

Leu

360

Ser

Pro

Ala

Ala

Ala
440

Ser

185

Ile

Phe

Asn

Leu

Tyr

265

Trp

Ala

Leu

Leu

Met

345

Gln

Gly

Arg

Lys

Asp

425

Tyr

Val

Gly

Gln

Met

Gly

250

Phe

Tyr

Trp

Leu

Glu

330

His

Ala

His

His

His

410

Ile

Leu

Caenorhabditis elegans

124

Glu

5

Gln

Thr

Thr

Cys

Lys

85

Arg

Gln

Ile

Thr

Gly

Pro

70

Gly

Ser

Glu

Asp

Tyr

Ser

55

Thr

Ile

Ala

His

Asp

Lys

40

Lys

Gln

Asp

Gln

Glu

Ala

25

Asn

Glu

Glu

Asp

Ile

Pro

10

Val

Met

Ala

Pro

Val

90

Asn

Phe

His

His

His

235

Lys

Phe

Ile

Met

Gly

315

Ser

Ile

Thr

Leu

Asn

395

Gly

Ile

His

Phe

Leu

Asp

Tyr

Glu

75

Asn

Lys

Ser

Leu

His

220

Pro

Gln

Leu

Phe

Ile

300

Leu

Asn

Asp

Cys

Asn

380

Tyr

Ile

His

Gln

Phe

Arg

Ala

Gln

60

Ile

Met

Ser

Thr

Lys

205

Ala

Phe

Lys

Ile

Tyr

285

Thr

Lys

Trp

His

Asn

365

Phe

His

Glu

Ser

Ile

Ser

Thr

45

Trp

Pro

Gly

Phe

Ser

190

Gly

Lys

Phe

Lys

Gly

270

Phe

Phe

Ala

Phe

Asp

350

Val

Gln

Lys

Tyr

Leu
430

Lys

His

30

Thr

Leu

Asp

Thr

Thr

Lys

Ala

Pro

Phe

Asn

255

Pro

Val

Tyr

Phe

Val

335

Arg

His

Ile

Val

Gln

415

Lys

Ile

15

Pro

Val

Thr

Ile

Phe

95

Asp

Trp

Pro

Asn

Ala

240

Tyr

Pro

Ile

Val

Leu

320

Trp

Asn

Lys

Glu

Ala

400

Ser

Glu

Asp

Gly

Phe

Glu

Lys

80

Asn

Leu
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131

-continued

132

Arg

Tyr

Tyr

145

Gln

Gly

Asn

Asp

225

Ser

Trp

Ile

Asn

Ser

305

Phe

Ile

Arg

Ile

385

Met

Arg

Met

Ile

130

Leu

Ala

Leu

Asn

Val

210

Leu

Gln

Thr

Ile

Thr

290

Leu

Phe

Thr

Met

Pro

370

Glu

Met

Val

Asn

Arg

115

Arg

Gln

Trp

Phe

Phe

195

His

Val

Asp

Phe

Phe

275

Ala

Gly

Leu

Phe

Ser

355

Gly

His

Pro

Asp

Ile
435

100

Val

Lys

Tyr

Gln

Lys

180

Leu

His

Pro

Ser

Met

260

Val

Ile

Gln

Val

Asn

340

Asn

Arg

His

Leu

Asp

420

Ala

Arg

Ile

His

Gln

165

Asn

Gln

Ala

Phe

Trp

245

Leu

Ser

Tyr

Leu

Ser

325

His

Tyr

Phe

Leu

Val

405

Tyr

Asn

<210> SEQ ID NO 125

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Dictyostelium discoideum AX4

PRT

467

Ala

Leu

Thr

150

Leu

Arg

Gly

Ala

Tyr

230

Val

Pro

Gln

Glu

Tyr

310

His

Tyr

Ala

Ile

Phe

390

Lys

Phe

Val

105 110

Glu Gly Leu Met Asp Gly Ser Pro Leu
120 125

Glu Thr Ile Phe Thr Ile Leu Phe Ala
135 140

Tyr Tyr Leu Pro Ser Ala Ile Leu Met
155

Gly Trp Leu Ile His Glu Phe Ala His
170 175

Tyr Tyr Asn Asp Leu Ala Ser Tyr Phe
185 190

Phe Ser Ser Gly Gly Trp Lys Glu Gln
200 205

Thr Asn Val Val Gly Arg Asp Gly Asp
215 220

Ala Thr Val Ala Glu His Leu Asn Asn
235

Met Thr Leu Phe Arg Trp Gln His Val
250 255

Phe Leu Arg Leu Ser Trp Leu Leu Gln
265 270

Met Pro Thr His Tyr Tyr Asp Tyr Tyr
280 285

Gln Val Gly Leu Ser Leu His Trp Ala
295 300

Phe Leu Pro Asp Trp Ser Thr Arg Ile
315

Leu Val Gly Gly Phe Leu Leu Ser His
330 335

Ser Val Glu Lys Phe Ala Leu Ser Ser
345 350

Cys Leu Gln Ile Met Thr Thr Arg Asn
360 365

Asp Trp Leu Trp Gly Gly Leu Asn Tyr
375 380

Pro Thr Met Pro Arg His Asn Leu Asn
395

Glu Phe Ala Ala Ala Asn Gly Leu Pro
410 415

Thr Gly Phe Trp Leu Glu Ile Glu Gln
425 430

Ala Ala Lys Leu Thr Lys Lys Ile Ala
440 445

Phe

Phe

Gly

160

His

Val

His

Leu

Tyr

240

His

Ser

Arg

Trp

Met

320

Val

Asn

Met

Gln

Thr

400

Tyr

Phe
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-continued

134

<400> SEQUENCE:

Met Met Glu Thr

1

Gly
Leu
65

Lys

Thr

Ser

145

Leu

Ala

Gly

Asp

225

Tyr

Ile

Ile

Thr

Ser

305

Ile

Ile

Thr

Asn

Gln
385

Asp

Asp

Gly

50

Phe

Gln

Glu

Phe

Arg

130

Gln

Tyr

Cys

Ala

Gln

210

Pro

Gln

Leu

Phe

Ile

290

Arg

Cys

Ser

Pro

Gln
370

Asp

Ile

Glu

Gly

35

Glu

Glu

Tyr

Lys

Gln

115

Met

Phe

Gly

His

Thr

195

His

Asp

Ala

Tyr

Thr

275

Asp

Phe

Phe

Phe

Glu
355
Asp

Ser

His

Val

20

Lys

Asp

Ser

Glu

Ser

100

Thr

Val

Ser

Val

Thr

180

Phe

Val

Leu

Arg

Gly

260

Lys

Thr

Ile

Phe

Gln

340

Ile

Trp

Val

His

125

Asn

Ser

Val

Ile

Tyr

Ile

85

Glu

Ser

Leu

Thr

Ala

165

Ala

Asp

Ile

Gly

Ser

245

Val

Lys

Ala

Leu

Leu

325

Val

Phe

Ala

Leu

Cys
405

Asn

Lys

Tyr

Leu

His

70

Gly

Phe

Ser

Ile

Asp

150

Asn

Ile

Leu

Gly

Gln

230

Trp

Tyr

Ser

Ile

Pro

310

Ile

Ser

Asp

Ile

Ser
390

Phe

Glu

His

Asn

Leu

55

Pro

Tyr

Tyr

Gln

Tyr

135

Arg

Ser

Thr

Phe

His

215

Gly

Tyr

Ala

Asn

Phe

295

Leu

Ser

His

Gly

Leu
375

Thr

Pro

Asn

Asn

Ile

40

Leu

Met

Ile

Ser

Asp

120

Leu

Phe

Leu

His

Ala

200

His

Glu

His

Leu

Gly

280

Ile

Ile

Glu

Val

Ala
360
Gln

Phe

Thr

Lys

Gln

25

Thr

Ser

Thr

Ser

Thr

105

Pro

Phe

Trp

Phe

Asn

185

Gly

Leu

Ile

Lys

Lys

265

Ala

Leu

Tyr

Leu

Val

345

Asp

Val

Phe

Ile

Glu

10

Lys

Lys

Ala

Asp

Ser

90

Leu

Lys

Leu

Leu

Gly

170

Pro

Ala

Tyr

Asp

Tyr

250

Tyr

Ile

Gly

Asn

Val

330

Glu

His

Lys

Ser

Ala
410

Lys

Asn

Trp

Gly

Lys

75

Tyr

Lys

Val

Phe

Asn

155

Leu

Met

Ser

Thr

Phe

235

Gln

Arg

Arg

Lys

His

315

Leu

Asp

Pro

Thr

Gly
395

Gln

Leu

Asp

Val

Arg

His

Glu

Gln

Ser

Val

140

Cys

His

Thr

Phe

Asn

220

Arg

His

Ile

Tyr

Leu

300

Ser

Gly

Leu

Leu

Thr
380

Gly

Asp

Lys

Leu

Pro

45

Asp

Tyr

His

Arg

Val

125

Thr

Ile

Thr

Trp

Tyr

205

Val

Val

Ile

Gln

Ser

285

Val

Phe

Trp

Gln

Pro

365

Gln

Leu

Tyr

Leu

Trp

30

Leu

Ala

Ser

Pro

Val

110

Gly

Tyr

Phe

Met

Lys

190

Ala

Arg

Val

Tyr

Asp

270

Pro

Phe

Ser

Tyr

Phe

350

Thr

Asp

Asn

Tyr

Tyr

15

Ile

His

Thr

Leu

Lys

95

Arg

Val

Tyr

Ala

His

175

Ile

Trp

Asn

Thr

Ala

255

His

Ile

Ile

His

Leu

335

Met

Thr

Tyr

Leu

Pro
415

Thr

Ile

Pro

Asn

Ile

80

Tyr

Lys

Phe

Leu

Val

160

Asp

Leu

Cys

Ala

Pro

240

Pro

Glu

Ser

Ile

Leu

320

Ala

Ala

Phe

Ala

Gln
400

Gln
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Ile Val Pro Ile Leu Lys Glu Val Cys Lys Glu Tyr Asn Val Thr Tyr
420 425 430

His Tyr Lys Pro Thr Phe Thr Glu Ala Ile Lys Ser His Ile Asn Tyr
435 440 445

Leu Tyr Lys Met Gly Asn Asp Pro Asp Tyr Val Arg Lys Pro Val Asn
450 455 460

Lys Asn Asp
465

The invention claimed is: 15 3.The method accordingto claim 2, wherein the desaturase
1. A method for modifying the fatty acid composition of is a A5 desaturase, a A12 desaturase, or an m3 desaturase.
stramenopiles, comprising:
introducing a heterologous fatty acid desaturase gene into
Parietichytrium sarkarianum SEK364 (FERM ABP-
11298), wherein said heterologous fatty acid desaturase 20
gene is cloned in an expression vector; and
expressing the fatty acid desaturase.
2. The method according to claim 1, wherein the fatty acid
desaturase is a desaturase. ¥k k% %

4. A method for highly accumulating an unsaturated fatty
acid in stramenopiles by using the method of any one of
claims 1 to 3.

5. The method according to claim 4, wherein the unsatur-
ated fatty acid is an unsaturated fatty acid of 18 to 22 carbon
atoms.



